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Abstract 
Bracken environments harbour the sheep tick (Ixodes ricinus), known \'ector of a number of· 
diseases. Initial investigation indicated the presence of sheep ticks infected with the Lyme 
disease spirochaete Borrelia burgdorferi on open moorland areas of the North York Moors and 
the moorland areas of the South West of the U.K. Some aspects of the problem of Lyme disease 
on U.K. moorlands were explored in this study. 
A survey through the summer of 1993 of people using the North York Moors, Dartmoor and 
the Quantock Hills in Somerset for both work and leisure activities revealed a very high 
proportion of people (76% of respondents had not heard of Lyme disease) who were unaware 
of the risk of Lyme disease or of how they might reduce that risk. 
An examination of three moorland vegetation communities as optimal tick habitats suggested 
that immature ticks are less dense on heather dominated communities than on either bracken or 
on Vaccinium dominated communities, and that this may be influenced by the fauna using 
heather dominated areas. Vaccinium sites showed high densities of all life stages of the sheep 
tick, as did bracken dominated sites. Ticks were collected throughout the winter months on 
South Western sites, but not on the North York Moors, emphasising the year round risk from 
infected ticks in the South West of the U.K. 
Vegetation management practices as tick control or reduction options in these moorland areas_ 
were investigated. Asulam spraying on bracken almost totally removed the above ground· frond 
cover, substantially reduced live buds on the rhizome, but failed to reduce the rhizome dry 
weight. The density of frond cover was not affected by cutting, height and dry frond weight 
were reduced, live rhizome huds reduced in number and rhizome dry weight reduced. Short 
term control of bracken fronds was achieved by both treatments, but neither treatment provided 
sufficiently conclusive results on which to base long term recommendations. Comprehensive 
plans for after care on treated sites need to be in place before treatment is carried out. 
Tick densities were recorded over a two year period on these treated bracken sites. There was a 
proportional rcdudion in all ti.:k life stages between 1993 and 1994 on sites sprayed with 
asulam and on cut sites compared with control sites. Although not statistically significant these 
results suggested that the methods of bracken control investigated in this study could influence 
sheep tick densities in the short term. 
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CHAPTER 1. 
INTRODUCfiON. 
Zoonoses - infectious diseases transmissible from animals to man. 
Throughout history man has contracted diseases from animals. Plague (caused by Yersinia 
pestis, and spread by rat fleas) has from antiquity caused epidemics and pandemics throughout 
almost every country in the world. During a twenty-year period up to 1918 an outbreak of 
plague in India led to the death of more than 10 million people, and in 1994 the threat of 
another outbreak of plague on the Indian continent caused worldwide concern. Improved 
communications around the world (particularly air travel) have opened up new routes for 
disease transmission between populations. 
Not all zoonoses produce severe life-threatening disease, others may only initiate outbreaks of 
much milder although possibly incapacitating illness (such as salmonellosis) (Bell et al 1988). 
However, the improvement in modem transport, and with this improvement the latent capacity 
for increased speed and geographical spread of disease transmission, exacerbates the potential 
for morbidity in individuals, and expense for communities, which these outbreaks can produce. 
For various reasons zoonoses are emerging as increasingly important today. Public awareness of 
the dangers of infection in foodstuffs, has produced a better educated consumer public who 
demand some assurance of safety of foodstuffs for general sale. The intensification of animal 
husbandry encourages the spread of infection between domestic animals, with an increased risk 
for humans. Potential contamination of the environment by the disposal of infected effluent on 
to pastures or into water courses can cause problems. Farming development and domestic 
building development may take place in previously uncultivated areas where infective wildlife 
may be indigenous. Pets can create problems in the home by transmitting diseases such as 
toxoplasmosis, and by introducing arthropods infected with disease organisms. There is also the 
increase in interest in rural leisure activities, mainly by an urban population uneducated in the 
dangers of the countryside (Brown 1991). 
Transfer of infection from animals to man may take place in several different ways, for example 
by the bite(s) of arthropods such as mosquit<;>es, ticks, fleas, lice and mites; by the respiratory 
route by inhaling an infective agent; by swallowing material contaminated by faeces; by direct 
bite of an animal (such as in rabies) and by mechanical transmission of skin lesions. Public 
education programmes which inform the public of specific hazards and more general measures 
of health protection are vital for lessening risk. 
Although during the last century advances in medical science have either eliminated or greatly 
reduced the effects of a number of serious or fatal infectious diseases (Andrews and Walton 
1977), the increased rate of environmental change in a global context has resulted in a change 
in disease pattern. The past decade has marked the emergence of a number of resurgent as 
well as apparently new infectious diseases of public health importance. Malaria has largely 
reclaimed the areas which the eradication campaigns of the 1960s failed to secure, and now 
non-immune residents of these regions are subject to epidemics which were interrupted by the 
era of DDT. Dengue is pandemic throughout the world's tropics, helped by urban refuse near 
human homes which provide vectors with an abundance of breeding sites. The World Health 
Organisation performs a co-ordinating role in the world wide system of specialist centres and 
public health laboratories set up to operate advice and diagnostic services. However, there is a 
need for medical, veterinary and ecological expertise to be linked in the research currently on-
going into a number of zoonoses if effective control measures are to be determined. 
One such disease (which falls into the category of 'apparently new infectious disease') is Lyme 
disease. Fully described as recently as the early 1980s, it has apparently become endemic in 
some geographical areas of the United States of America (U.S.), some countries in Europe, and 
has been identified in most temperate regions of the world. It is a zoonosis, caused by a 
spirochaete (named Borrelia burgdorferi in honour of the microbiologist (Willi Burgdorfer) 
who first linked the disease with the unknown spirochaete), and spread by the bite of ticks of the 
Ixodes ricinus complex. 
This thesis investigates some aspects of the ecology of Lyme disease, with special reference to 
bracken dominated areas of U.K. moorlands. 
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CHAPTER 2. 
REVIEW OF THE PROBLEI'vt 
2.1 History of ~yme disease 
Descriptions of various skin and nervous system manifestations, now known to be associated 
with Lyme disease, have been reported in European medical jounals under a variety of terms 
for over 100 years (O'Connell 1995). Tick borne infection was suggested in many of these 
reports, for instance Ixodes ricinus (the most common tick in Europe) was suggested as a vector 
when Afzelius in 1910 described the development of a skin lesion (which he referred to as 
erythema migrans) at the site of a tick bite on a patient. It was speculated that it could be caused 
by a tick associated toxin or by some infectious agent. Lipschutz in 1923 further suggested 
investigation of the intestinal tract and salivary gland secretion of the tick. Carl Lennhoff 
demonstrated spirochaete-like elements in sections of erythema migrans skin lesions, leading to 
suggestions by his colleague Hellerstrom in 1950 that erythema migrans might be caused by 
tick-associated spirochaetes. 
Ticks, particularly Ixodes ricinus , were also implicated as the transmitting vectors in reports of 
other clinical manifestations. In 1922 Garin and Bujadoux described a case of tick paralysis in a 
patient bitten by, Ixodes hexagonus. Bannwarth (1941) recognised this as lymphocytic 
meningoradiculitis (known as Bannwarth's syndrome) commonly associated with the bite of 
Ixodes ricinus . Cases of other skin disorders were also suspected of being associated with tick 
bites. 
In 1981 the discovery of a spirochaete in the deer tick (Ixodes dammini) in the United States 
(Burgdorfer et al 1982) and in the sheep tick (Ixodes ricinus ) from Switzerland (Burgdorfcr et 
al 1982, 1983), which was found to be the causal agent of Lymc disease, has led to much 
intensive research on both sides of the Atlantic. The spirochaete, now named Borrelia 
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burgdorferi after Willi Burgdorfer who first described it, is a bacterium, transmitted from 
animals to humans by a bite from an infected tick, the major vectors being ticks of the Ixodes 
ricinus complex. 
2.2 The disease 
Lyme disease is a multi-system immune-mediated inflammatory disorder, in the classic situation 
moving through three stages from localised infection, to more disseminated infection, to a third 
stage of chronic infection (Steere 1993a). However, the wide spectrum of symptoms 
encountered in Lyme disease varies in presentation between patients and between stages. 
2.2.1 Initial symptoms 
The definitive symptom, appearing days to weeks after the tick bite, is a ringlike rash (ECM : 
Erythema chronica migrans) which spreads around the bite site, and is usually accompanied by 
flu-like symptoms. In some patients the spirochaete remains localised within this first skin 
lesion, but in most patients the organism spreads to many different sites. Twenty to thirty per 
cent of sufferers do not exhibit this rash (l'vlalawista 1988), while others may have no early 
symptoms at all (Steere 1993a). Very few patients recall being bitten by a tick. 
2.2.2 Secondary complications 
If untreated at this initial stage secondary complications can occur weeks to months later and 
can include neurological (Logigian et a/ 1990; Lesser et a/ 1990; Reilly and Hutchinson 
1991), ocular (Kauffmann and Wormser 1990) and cardiac involvement (Doorey et a/ 1991; 
Langhorne et a/ 1993), while late second stage symptoms may include intennittent arthritis 
(Steere 1993a; Szer et a/ 1991). The spirochaete appears to have an affinity for neural tissue 
(Pachner 1989) and the patient may present with facial palsy, symptoms of meningo-
polyneuritis, or other neural involvement (Steere 1993b). Cardiac disease can include varying 
degrees of heart block, may require the fitting of a temporary pacemaker and in a very few 
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cases has proved fatal (Cary et al 1990; Marcus et al 1985). 
2.2.3 Tertiary complications 
Tertiary complications often present as chronic arthritis, normally of the large joints, and can 
result in the erosion of joint tissue (Nathwani et al 1990). Chronic Lyme arthritis is said to be 
uncommon in Europe but a frequent complication of the disease in the U.S. (O'Connell 1995). 
A chronic, late symptom of Lyme disease is the appearance of the skin disorder known as 
acrodermatitis chronica atrophicans (ACA) (Weber and Burgdorfer 1993). Hopf and Stroux 
suggested as early as 1968 that there was a clustering of patients with ACA in Central Europe, 
and the disorder was less frequently encountered in peripheral European countries. Information 
about ACA from North America is rare (Stanek et al 1993), with just one report of a patient 
with ACA from California (Lavoie et al 1986). Neurological symptoms arising from chronic 
neuroborreliosis may include alterations in cognitive function such as memory disturbances and 
mood changes. O'Connell (1995) suggests that neurological complications are most common 
in Europe and less so in the U.S. 
2.2.4 Treatment 
Treatment with antibiotics at an early stage of infection is usually very effecti\•e and can prevent 
progression of the disease, although patients with chronic Lyme arthritis often do not respond 
to antibiotic treatment (Steere 1993b), and recovery may be slow from other longstanding 
manifestations of the disease (O'Connell 1995). Length of treatment is important since B. 
burgdorferi is considered to be slow in metabolism and slow to replicate, and short courses of 
treatment reduce the opportunity for antibiotic action against the organism (Weber and Margret 
1993). Routine antibiotic treatment for tick bite is not recommended by medical authorities 
(O'Connell 1995) since not all ticks are infected with B. burgdorferi, a bite from an infected 
tick may not cause human infection or recovery may be spontaneous. If however ECM is 
present and there is a history of contact with ticks or actual tick bite early treatment with 
antibiotics is recommended. 
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2.2.5 Testing 
Serological testing for the presence of antibodies is available. Enzyme linked immunosorbent 
assay (ELISA) and western blotting or immunoblotting are methods which are commonly used. 
Tests however are not standardised, sometimes resulting in variability of results from different 
laboratories. Currently false negatives and false positives bedevil the testing procedure (Steere 
l993a), cross reactions with other antigens or other factors causing problems. Antibody does 
not appear to reach testable proportions until several weeks after infection occurs (Steere 1989), 
making early serological diagnosis (and therefore treatment) problematical. Seropositive results 
only indicate the presence of antibody to the spirochaete, and do not distinguish between those 
patients with a recent and active infection and those who have been exposed to the spirochaete 
at some time in the past and may not currently be suffering from active Lyme disease (Steere 
1993a), further complicating interpretation of the test results. Detection of DNA using the 
polymerase chain reaction for amplification can be valuable particularly in atypical cases. 
2.2.6 Diagnosis 
Sometimes the difficulties of diagnosis can cause patients to slip through the net, particularly as 
early serological tests arc often negative, and the ECM rash may not be present. There is, 
conversely, a danger of over-diagnosis of Lymc disease in the event of indeterminate symptoms 
presenting, resulting in the inappropriate use of antibiotics as a fail-safe treatment.· The most 
common problem being distinguishing between Lymc disease and chronic fatigue syndrome. 
2.2.7 Conclusion 
The overall picture is one of a disease with a high incidence rate in endemic areas, although the 
numbers of sufferers exhibiting spontaneous recovery without treatment after initial infection 
from the tick bite are not known. While mortality is extremely low, morbidity (particularly in 
endemic areas) and disability from untreated and chronic Lyme disease can be considerable. 
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2.3 Human Incidence 
2.3 .I Introduction 
Since the identification of the causative organism by Burgdorfer in 1982 it has become 
apparent that the disease is widespread throughout temperate regions of the world. The 
American experience is well documented, although the disease is also endemic in many 
European countries. Underwood and Armour (1993) suggest that as many as 14% of licks in 
Germany are infected. Tick spirochaete surveys in many European countries, including Austria, 
Germany, Switzerland, France, Czechoslovakia, Scandinavia, the U.K. and Ireland, resulted from 
the detection in /. ricinus from Switzerland of similar spirochaetes to those causing Lyme 
disease in the U.S. (Ginsberg 1993). The disease has also been found across the former Soviet 
Union and in far eastern countries such as China, Japan and Australia. In the U.S. only one 
species of Borrelia has been identified as the cause of the disease, while in Europe three species 
(B. burgdorferi, B. garinii and a third known as VS461) have been identified (Steere 1993a). 
The latter fact may explain apparent differences in symptoms and progression of the disease in 
different parts of the world, although as knowledge concerning the disease and its symptoms 
expands these differences become less apparent. 
2.3.2 Quantification of incidence 
In the U.S. the disease is endemic in a number of states and is spreading (Steere 1993a). The 
rate of increase in reported cases of Lyme disease in the U.S. (published in Mortality and 
Morbidity Weekly Reports) within the last few years has caused major concern. Since Lyme 
disease was made nationally reportable in the U.S. in 1982 a 19-fold increase in annual 
reported cases has occured, from 497 cases reported in 11 states in 1982 to 9677 reported cases 
in 45 states in 1992 (Archives of Dermatology 1993). In 1992 Lyme disease accounted for 
more than 90% of all reported vector-borne diseases in the U.S. At the Hygiene Institute of the 
University of Vienna 4000 - 5000 patients with Lyme disease have been registered every year 
since 1988 (Stanek et al 1993). The annual number of confirmed cases of the disease in the 
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U.K. is unknown although the Public Health Laboratory Service estimates that about 120-150 
cases a year are identified. The Health and Safety Executive has suggested that the basis of 
incidence does not indicate that the risk is sufficient to warrant display of warning signs (Health 
and Safety Executive 1994). The rate of infection and the distribution of infected ticks in the 
U.K. needs further investigation to provide a clearer picture. 
2.3.3 Serological surveys 
Surveys have been carried out amongst groups of people thought to be at risk from infected 
tick bites in certain areas of both the U.S. and Europe, in order to investigate seroprevalence of 
Lyme disease. For example, Fahrer et al (1991) studied a group of 950 Swiss orienteers, 26% 
of whom tested positively by ELl SA although very few ( 1.9%) showed any clinical disease. 
Goldstein et al (1990) carried out a statewide survey in a high-risk occupational group of 
outdoor employees in New Jersey, U.S., suggesting that preventive behaviours may play an 
important role in minimising the risk of the disease. In the U.K. Baird et al (1989) looked at 
the prevalence of antibody indicating Lyme disease in farmers in Wigtownshire and suggested 
that cattle farmers are at risk; Guy et al (1989) reported on the risks of borreliosis in 41 
forestry workers in the New Forest, 25% of whom tested positively although only 2 exhibited 
ECl'vl. Ho-Yen et al (1990) examined a 'pocket' of Lyme disease in one general practice in the 
Scottish Highlands and outlined the problems encountered in this situation. Morgan-Capner et 
a/ (1989) tested farmers in north Lancashire and Cumbria. With the exception of the Swiss 
study no leisure groups have been included in these studies. 
2.3 .4 Conclusion 
In spite of the proliferation of research worldwide on the disease it is still very difficult to obtain 
conclusive epidemiological data (Stanek et al 1993). There are no widely accepted case 
definitions for the various clinical symptoms which are assumed to be linked to infection with 
the spirochaete. Serological tests are not standardised and sometimes are not reliable. A positive 
result from a serology test does not necessarily reflect current infection, while a negative result 
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may be present in the early stages of active disease. Early treatment of ECM with antibiotics 
following a patient's history of tick bite will normally be successful and a serological test will 
not be taken. This will result in inaccurate reporting of active cases of Lyme disease by ratio to 
seropositive tests. 
2.4 Incidence in domestic and wild animals 
2.4. I Equine incidence 
An increasing number of reports show positive serological responses for Lyme disease from 
large and small domestic animals. and for some wild animals. Serological surveys have reported 
12 - 20% positive responses in asymptomatic horses (Parker and White 1992) and suspected 
clinical cases of Lyme disease in horses are also reported (Parker and White 1992). Clinical 
signs which have been documented include: chronic weight loss, sporadic lameness, laminitis, 
low grade fever, swollen joints. muscle tenderness, anterior uveitis and neurological signs such as 
depression, behavioural changes, head tilt and encephalitis. Post ( 1990) reports similar 
symptoms in horses with positive serology from Lyme-endemic areas in Connecticut and New 
York. Maloney and Lindenmayer (1992) reporting on serological testing of 273 horses, 
donkeys and ponies on Cape Cod and Nantucket and Naushon Islands gave a positive result of 
36%, although few clinical signs were discovered. These findings suggest exposure to 
B.burgdorferi at some time but not necessarily evidence of current clinical disease. 
2.4.2 Bovine incidence 
Cattle exposed to B.burgdorferi often do not show clinical disease but are seropositive (Parker 
and White 1992). In acute cases animals with fever, stiffness, swollen joints and decreased milk 
production often present. Chronic weight loss, laminitis and abortion arc also possible. Lyme 
disease often occurs as a herd problem, although acute cases usually respond rapidly to 
antibiotic treatment (Parker and White 1992). 
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2.4.3 Ovine incidence 
Fridriksdottir et al (1992b) screened 327 rams in seroepidemiological studies in Norway. The 
sheep were clinically healthy and came from all parts of Norway, from both tick infested and 
clean areas. 10% of the animals were seropositive, but no signs of disease were found. Hovmark 
et a/ (1986) tested lambs grazing a tick infested area in Sweden and found a rise in antibody 
titre. Since arthritis occurs endemically in lambs grazing this area it was speculated that B. 
burgdorferi could be the causal agent. A study of sheep in Scotland by Mitchell and Smith 
( 1993) across nine commercial farms in tick infested areas showed positive test results of up to 
40% amongst hoggs, although very limited numbers of lambs and ewes gave positive readings. 
2.4.4 Canine incidence 
Lyme disease has been diagnosed in dogs 10 the U.S. (Grcene 1991), the geographical 
distribution of the disease rcOects the pattern for humans, and the same vector is implicated. 
Clinical features of the disease in dogs include fever, inappetence, lethargy, lymphadenopathy, 
and the acute onset of stiffness or lameness, which may result in recurrent episodes of lameness 
and multiple joint involvement. Dogs do not develop the characteristic ECM lesion, and 
although serological testing is available, many dogs give a positive reaction to testing without 
developing clinical symptoms, so making diagnosis difficult. Lyme disease in dogs in other 
countries is increasingly being reported, for example May et a/ (1990a) report on Lyme 
disease in dogs in the U.K., and Font et a/ (1992) report on Lyme disease in dogs in Spain. It 
seems natural, given that dogs arc susceptible to Lyme disease, that reports of the disease in 
dogs will reOect the areas of incidence of ticks infected with B. burgdorferi, since canine 
behaviour in suspect or indeed any area is itself almost 'questing' in nature. Dogs may 
therefore be at a greater risk of exposure to infected ticks than humans in any area and also to 
delayed removal of attached ticks. They may also bring infected ticks into the home. 
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2.4.5 Feline incidence 
Lyme disease in cats is poorly documented Curran and Fish (1989) have reported on two 
domestic cats (from an endemic Lyme disease area in New York) carrying numbers of 
unattached ticks into the house. Ticks which have not attached to a pet but have been carried on 
the coat (this also applies to dogs) can be a source of infection to pet owners within their own 
home. Nymphal ticks are very small and even if they attach to a human can go unnoticed for 
long enough for infection to transfer to the human host from an infected tick. Anecdotal 
reports to the author suggest that pets in the U.K. are also culpable in carrying attached and 
unattached ticks and in dropping engorged ticks within their homes. 
2.5 Vectors 
2.5.1 Competent vectors 
Along the eastern seaboard and the midwest of the U.S. the deer tick (the northern form of 
Ixodes scapularis known as Ixodes dammim) has been implicated as the major vector and in 
some endemic areas from 30 - 50% of the I. dammini ticks arc infected. Incidentally, the 
species status of I. dammini has recently been rejected because of "mating compatability and 
genetic similarity between the two forms" (Barbour and Fish 1993). This thesis will continue to 
refer to the northern form of I. scapularis as I. dammini in order to avoid confusion when 
referring to papers published before 1993. 
Other known vectors arc I. pacijicus in the western U.S., I. ricinus in Europe, and I. persulcatus 
in Asia. I. hexagonus, which parasitises hedgehogs and is known to bite man, has been 
implicated in an enzootic cycle in Switzerland (Gern et al 1991). In some areas of the west 
coast of the U.S. another Ixodid tick (1. neotomae) is involved in the maintenance of the life 
cycle of the spirochaete through the wood rat, which is host to both ticks, although onJy /. 
pacificus bites humans (Brown and Lane 1992). The presence of B. burgdorjeri has been 
demonstrated in the sea bird tick (/. uriae) infesting razorbills on the island of Bonden in the 
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Baltic Sea (Olsen et al 1993). Bonden is not inhabited by terrestrial mammals but during the 
breeding season is borne to several large seabird colonies and Olsen et a/ demonstrated (by 
biopsy) the presence of B. burgdorferi in razorbill nestlings. These researchers suggest that 
sea birds may be important in the maintenance and dissemination of the spirocbaete. It is evident 
that bird species, particularly migratory birds, have the capacity to carry ticks over some 
considerable distance, and if they are also competent reservoirs for the spirochaete, new foci ·of 
infection can be established with relative ease. 
2.5.2 Other vectors 
B: burgdorferi has been isolated from ticks, other than those of the Ixodes ricinus complex, 
where competency as vectors of the spirochaete has not been demonstrated, Dermacentor 
variabilis and Amblyomma americanum for example appear to lose their infection either 
before or during transstadial transfer (Piesman and Sinsky 1988). Stanek and Simeoni (1989) 
discovered, in Southern Tiro! (Italy), B. burgdorferi in the argasid tick Argas persicus, which is 
associated with pigeons. Species other than ticks which have been implicated as vectors of the 
spirocbaete (although only as minor agents) are mosquitoes, deer and horse flies, and fleas 
(Ginsberg 1993). 
2.5.3 Tick host diversity 
The competent tick vectors discussed above feed on a variety of hosts including reptiles, birds 
and mammals. Numbers of host species parasitised by specific tick species total at least 80 for/. 
dammini and /. pacificus, 53 for /. scapularis, 241 for /. persulcatus, and 317 for /. ricinus 
(Anderson 1981). lt is generally accepted that immature ticks feed on small mammals and 
birds, while adult ticks parasitise large mammals and to a lesser extent medium-sized mammals. 
However, immature ticks are frequently found on large mammals such as deer, sheep and cattle, 
and possibly the important factor is the ability of the immature tick to penetrate the skin and 
enter blood vessels to feed. Adult ticks require considerably more blood for complete 
engorgement which could explain their apparent preference for larger mammals. 
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2.5.4 Mapping of tick populations 
While a national tick survey in the U.S. has only recenUy been introduced, maps of the 
geographic distribution of /. ricinus and /. persulcatus in Europe (including the U.K.) and Asia 
have been available for decades. However current work is showing inaccuracies in these maps 
and knowledge of distributions of tick populations infected with B. burgdorferi is far from 
complete. Estimation of tick abundance in a specific area is usually effected by dragging or 
flagging over a test site. Infection rates in tick populations however require DNA testing using 
the polymerase chain reaction for amplification. 
2.5.5 Implication of vector spread 
The spread of Lyme disease along the eastern seaboard of the U.S. has been attributed to 
ecological change - regulation of hunting and the reversion of farmland to wooded areas over a 
long period of time has resulted in large increases in the numbers of white-tailed deer, and of 
increased populations of deer ticks carrying the spirochaete (Lane et a/ 1991). It will take 
considerable intervention to reverse the abundance and spread of tick populations in these 
areas. This cautionary tale merits consideration in the formulation of ecological management 
plans for areas experiencing agricultural and land management change at the present time. 
2.6 The sheep tick (/. ricinus ) 
2.6. I Life cycle 
In the U.K. the sheep tick (Ixodes ricinus) has been implicated as the major vector of Lyme 
disease. The extremely small size of the invertebrate (an adult female measures 3 - 4 mm in 
length, while nymphs measure I - 2 mm, and larvae are roughly the size of a pin head), and its 
habit of retreating into deep litter in adverse microclimatic conditions, make assessment of1ick 
infested areas and control measures difficult to accomplish. Ticks are blood feeders, requiring a 
blood meal at each of the three stages of development from larva to nymph to adult male or 
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options or move their businesses from intensive to extensive farming operations, or into 
forestry. This would produce a drastic change in land management practices in parts of the 
U.K. where traditional tillage practices have discouraged establishment of tick populations. The 
movement of populations of wild mammals (for example small mammals, rabbits or deer) into 
these areas could well establish tick populations, for environmental conditions encouraged by 
the change in ground vegetation might well prove advantageous to/. ricinus. The charige from 
intensive farming to woodland with brushwood understorey in areas of the U.S. has been clearly 
implicated in the epidemics now current there. 
Moorland areas of the U.K., traditional homes for I. ricinus populations, are becoming popular 
as the venue for a number of leisure activities. Traditionally the home of 'country sports' 
(hunting, shooting and fishing), increasingly the hills are filled with tourists, walkers, climbers 
etc., to the extent that National Park managers, landowners and other interested organisations 
are concerned that the habitats these visitors are coming to see are being eroded by the march 
of hundreds of thousands of feet, and precious species are being destroyed instead of 
conserved. This regular influx of visitors to moorland areas is exposed to the risk of tick bite in 
tick infested areas, and possibly to the risk of Lyme disease where ticks are infected with B. 
burgdorferi. 
These considerations gave grounds for suggesting that further investigation into the situation on 
U.K. moorlands regarding Lyme disease and its control should be carried out. 
3.2 Infected ticks in moorland areas. 
A preliminary investigation in 1991 to establish the presence of Borrelia burgdorferi in ticks 
recovered from the North York Moors and the moorland areas of South West England 
produced a number of positive results. 
A small number of live ticks (collected by random blanket drags) were sent for testing at the 
Institute of Virology and Environmental Management, Oxford, U.K., using the polymerase 
28 
chain reaction (PCR) for amplification of spirochaeta! DNA. Table 3.1 details locations with 
grid references where ticks infected with the spirochaete were collected. 
Table 3.1 Location of ticks infected with Borrelia burgdorferi (1991) 
Grid reference 
North York Moors SE 707914 
North York Moors NZ 698014 
North York Moors NZ 758024 
North York Moors NZ 668142 
Dartmoor sx 740791 
Dartmoor sx 648742 
Dartmoor sx 736747 
Exmoor ss 888325 
Exmoor ss 891335 
Exmoor ss 848422 
Exmoor ss 895405 
Three positive results were obtained from engorged ticks removed from stags culled from the 
Quantock Hills, Somerset. 11 was, of course, impossible to determine the locations at which these 
deer had acquired their ticks. 
No further analysis has been carried out in the course of this study, but questing ticks collected 
in the surveys discussed below arc being investigated using PCR as part of a research 
development (pers. comm. Brown and Munn 1995). The following positive results (all from 
nymphal ticks) ha\'e been obtained to date: 
Spaunton Moor (North York Moors) I nymph collected 30.8.93 
Cothelstone Hill (Quantock Hills) 
Aisholt Common (Quantock Hills) 
Lydeard Hill (Quantock Hills) 
1 nymph collected 17.9.93 
5 nymphs collected 19.4.94 
I nymph collected 30.5.94 
2 nymphs collected June 94 
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These results established the principle that ticks infected with Borrelia burgdorferi are present 
on open moorland areas in the U.K., and that there is a risk to people using moorland areas of 
contracting Lyme disease if bitten by an infected tick. All these positive results were obtained 
from nymphal ticks which suggests that there will also be vertebrate reservoirs of B.burgdorferi 
in these areas acting as hosts and providing blood meals to larval ticks. 
3.3 Appraisal of control options 
To date in the U.K. the methods of controlling sheep ticks have been almost entirely of 
agricultural interest, and have revolved around dipping or spraying farm livestock with 
acaricides, and pasture spelling, in accordance with the economic return from the practices 
involved. Research into tick control has been ongoing for a very long time (certainly for most 
of this century, see Section 2.8.1), and no means of total and permanent eradication of tick 
populations have yet been discovered. Any present discussion on tick control, as a means of 
reduction of risk of infection with Lyme disease, must therefore be centred around reduction 
measures for vector populations and include avoidance measures by humans. 
Land ownership, land management and land use of U.K. moorland areas present a complicated 
and interwoven pattern of development. The totality of traditional land management by private 
land ownership is currently being increasingly usurped by government intervention. Landscape 
and conservation interests, together with public access pressures add new dimensions to the 
management requirements for U.K. moorlands, and the reality of connicting interests requires 
an integrated approach to management by all interested parties. 
The control or reduction of risk for a zoonosis such as Lyme disease on moorland areas may 
well become the responsibility of those responsible for such an integrated management 
approach. The Health and Safety Regulations (1993) require risk assessments to be carried out 
where employees may be put at risk in the course of their employment. The assessment and 
management of areas of risk is therefore of some consequence to owners and managers of 
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National Parks, National Trust properties, Country Parks etc. It is suggested that, at the present 
time, few moorland managers have sufficient understanding of the ecology of Lyme disease to 
enable them to make an informed selection of control techniques. 
The operational model (Figure 3.1) has been devised as a framework of options for the control 
or reduction of risk of Lyme disease. It defines four main areas of approach, ie. first, treatment 
of the human disease from a medical viewpoint; secondly, direct treatment of the tick vectors; 
thirdly, tick host management; and lastly, treatment and/or management of the tick habitat. 
Individual circumstances dictate the optimum strategy as an approach to control, using options 
either independently or linked in combination with one or more others. This in turn requires 
the understanding by management of the implications of different options and the potential 
results of their implementation. 
figure 3.1. cor-rrROL AND REDUCTION OPTIONS 
HUMANLYME TICKS HOSTS HABITAT 
BORRELIOSIS 
Vaccine ? Biological control. Vaccine Acaricides 
eg. Irradiated males Consider -
Early diagnosis ? Natural predators/ Acaricides. * Other invertebrates 
pathogens. Host Immunity. * Resistance 
Early treatment Pheromonc + Host removal. 
acaricide. eg. sheep spelling Agricultural rotations 
Public awareness 
of risk Consider- Consider - eg. 
* Practicality * Deer 
* Cost * Foxes Selective land 
* Small mammal~ management 
eg. bracken control 
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The first line of approach (human Lyme borreliosis) is concerned solely with the medical 
aspects of the problem. Vaccination/immunisation against human Lymc borreliosis as a 
preventative measure, and also improvements in medical care in terms of diagnosis and 
treatment of human patients are rightly the province of medical researchers. However, doctors 
treating their Lyme disease patients should be aware of the totality of the problem and current 
information, resulting from research on other options, must be fed into medical cognizance.· 
The old saying 'prevention is better than cure' surely applies to Lyme disease in the U.K. as 
well as elsewhere. Most medical staff and researchers advocate personal protection as one of the 
most important components of the campaign against Lyme disease (Steere 1993a, Spiclman et 
al 1993, 1985; Ginsberg 1993; etc.). This implies the enhancement of public risk perception, 
and the distribution of information about the disease and its vectors to groups at risk (working 
in or regularly using high risk areas) and to the general public at large, since the participation in 
leisure activities on moorland areas puts a substantial number of people at risk. 
Other options (see Fig.3.1) arc directed towards controlling the tick population, either by 
increasing tick mortality, or by reducing tick reproduction, or by reducing tick movement onto 
a specific area. 
Direct action on the tick offers very limited options, the small size of the tick and its dispersal 
by host animals over relatively large areas makes it difficult to find. Natural pathogens are rare 
in ticks and from present knowledge it appears that natural enemies have little impact on tick 
populations (sec Section 2.9.2). Sterile male release (see Section 2.9.3) has little to recommend 
it for large scale intervention, cost and practical difficulties suggesting that this technique would 
only be useful in special circumstances on small areas. /. ricinus adult females are known to 
mate in vegetation as well as on hosts and phcromone + acaricide measures could be used to 
remove adult licks. Neither approach would seem to offer sensible conditions for large scale 
tick control which would be necessary on large areas of U.K. moorland, although any method 
of reduction of adult female tick populations is attractive when their egg laying capacity is 
considered (see Section 2.9.1). 
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Other suggested control measures directed at host animals appear to be either experimental, or 
expensive and/or impractical for the U.K. moorland situation. Vaccine development is still in its 
infancy, and would appear to be impractical for wild mammals (see Section 2.9.4). Acaricide 
treatment of hosts has the advantage of minimising environmental pollution, but the practical 
difficulties of treating large and small wild mammals in moorland habitats will require 
ingenious solutions and could be expensive in terms of time as well as materials (see Section 
2.9.5). Host removal is also fraught with difficulty where wild mammals are concerned (see 
Section 2.9.6). Expensive fencing is a possibility for small areas only, but exclusion results in 
altered grazing management which may be politically unacceptable. 
Acaricidal treatment of habitat (if timing of application is optimal) can decrease tick 
populations dramatically on a temporary basis (see Section 2.9.7). Unfortunately environmental 
damage can result in that non-target species may also be decimated, and again this may be 
politically unacceptable. Application can be expensive and technically difficult in some areas. 
A return to vegetation management to effect control of tick populations, by selective use of 
different techniques, may well be of use in moorland areas of the U.K (see Section 2.9.8). 
Although virtually no information is available on the effectiveness of these management 
practices as tick control methods in the U.K., they have the advantage of being environmentally 
sensitive. Little infonnation is available either on the effectiveness of different vegetation 
communities as habitats for immature and adult ticks. 
There are a number of constraining factors which require consideration when exploring control 
measures, particularly in relation to U.K. upland locations. Geographical location and distance 
from centres of high population density, topography and vegetation cover will all limit choice 
of method from the practical viewpoint of application. Other limiting factors will be potential 
risks to human health, the possibility of environmental pollution in sensitive areas, and public 
awareness and opposition to widescale use of chemical control methods. For example, this study 
concentrates on U.K. moorlands where extensive and repeated spraying of vegetation with 
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acaricides would probably not be environmentally acceptable or economically viable at the 
present time. However, anecdotal reports from the New Forest area have highlighted the 
presence of ticks, which have bitten householders, in their gardens. Since Lyme disease is 
endemic in the New Forest, householders might well wish to apply acaricides on a regular basis 
to lawns and rough areas as a tick control method. 
Other techniques, discussed in Chapter 2 and this Chapter, are still at the experimental or even 
theoretical stage. These need evaluating by management in terms of their development, their 
effectiveness, their applicability to individual circumstances and their cost. 
A justification for funding control measures would be expected to include a cost-benefit 
analysis, comparing the cost of control with the economic loss which has been prevented by 
control. While traditionally the latter has been supplied simply by an evaluation of livestock 
health and agricultural financial return, the ethical considerations of evaluating actual and 
potential human Lyme disease and the estimation of loss in these circumstances lead to 
difficulties. 
It is clear that further research is necessary in several areas in order to present a choice of 
control techniques which are applicable to U.K. conditions. The two areas which are highlighted 
in Figure 3.1 (public awareness of risk, and selective land management) represent approaches to 
the control of Lyme disease risk where little is known in the U.K., but where considerable 
success could be achieved if the information was available. 
3.4 Aims and structure of current study. 
The aim of this study is to identify ways in which the risk of infection from the Lyme disease 
spirochaete might be lessened in the U.K., with particular reference to moorland areas which 
attract recreational and leisure groups. 
Analysis of the problem (see Sections 3.1 and 3.3) suggested three main areas for investigation. 
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i) A study of the level of knowledge of Lyme disease, cause and preventive 
measures, among people using moorland areas for work and recreation. 
ii) An examination of moorland vegetation communities as optimal tick habitats. 
iii) Manipulation and assessment of one vegetation community as a means of tick 
control. 
It is intended that (i) will ascertain whether moorland users are sufficiently well informed about 
Lyme disease that they will manage their own risk when on the moors, or whether a public 
education programme should be recommended in the event of general ignorance of the disease. 
This is addressed in Chapter 4, which describes the survey of moorland users carried out to 
investigate the level of knowledge of Lyme disease amongst this group. Results of the survey 
are also presented and discussed in Chapter 4. 
It is intended that (ii) will investigate the dynamics of immature and adult tick populations on 
different vegetation communities on moorland areas. Then (iii) intervention in management 
practice on one of these communities will be investigated to study the tick population response 
to intervention. 
Chapter 5 describes the field investigation undertaken to study sheep tick densities on different 
vegetation communities on moorland areas in the U.K.; discusses the methodology and 
techniques applied in the investigation, and presents the results. 
The results of the intervention study are reported in Chapter 6 The effect of herbicide spray 
(asulam) on bracken, and also the use of regular cutting is discussed in terms of its effect on 
tick numbers, and also the effect on bracken frond and rhizome systems and therefore its use as 
an effective land management technique. 
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CHAPTER4 
L YME DISEASE SURVEY 
4. l Introduction 
The recommendation by medical staff and researchers that people should take personal 
precautions against tick bite when moving around tick infested areas, presupposes that the 
general public have sufficient knowledge about Lyme disease and the methods of infection to 
be able to put these personal precautions into practice. A survey of moorland users (n=600) was 
undertaken to investigate the level of knowledge of the disease amongst this special group. This 
was the first comprehensive survey carried out in the U.K. and reported in refereed journals 
(Sheaves and Brown 1995). 
4.2 Methods 
The survey was carried out by using a standard questionnaire administered on site by trained 
interviewers. In order to obtain as wide a range of moorland users as possible interviewers were 
instructed to select respondents at random (accidental selection) from those people actually 
walking, or carrying out other activities on the moor. This procedure was designed to obtain 
data from leisure groups as well as groups of people thought to be at extra risk, such as farmers, 
gamekeepers and so on, and cover all those groups who are typical of the majority of moorland 
users. 
A questionnaire was designed to investigate awareness by people using these upland areas of the 
problem of Lyme disease, symptoms, mode of infection, and precautions which might be taken 
against contracting the disease. The questionnaire (see Appendix I) was also structured to elicit 
information on the types of activities pursued by people on the moors, whether respondents had 
worked in the countryside and/or with animals, and their knowledge of ticks. The survey was 
designed and carried out over a number of weeks during the summer of 1993. 
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4.3 Sites 
Three moorland areas popular with the general public and known to be infested with Ixodes 
ricinus (sheep ticks) were chosen for the project. These were: 
Dartmoor National Park (Devon) covering 966 square ~lometres and situated in South Devon a 
few miles from the busy tourist area of Torbay. Whilst attracting large numbers of local people 
at all times of the year, it is also heavily used in the summer months by tourists holidaying in 
the area. It is administered by the Dartmoor National Park Authority which has a statutory 
obligation of conservation and to provide for recreation in the Park. Sheep and cattle graze the 
moor and there is a large population of Dartmoor ponies. Small mammals such as field voles, 
shrews and field mice are abundant and there is a wide range of bird species. 
The North York Moors National Park Also administered by a National Park Authority (the 
North York Moors National Park Committee), it's 1432 square kilometres attracts tourists and 
serious fell walkers as well as local interest at all seasons of the year. The area is heavily grazed, 
particularly by sheep, and large areas of the Moors are managed for grouse (see Section 3.3.1). 
The Ouantock Hills area in North Somerset covers 99 square kilometres and is designated as an 
Area of Outstanding Natural Beauty. Administration is by Somerest County Council which, 
whilst having an obligation to conserve the area, is not statutorily concerned with the provision 
for recreation within the AONB. However the Hills are very heavily used for various recreational 
activities. particularly walking, largely serving the local populations including such towns as 
Taunton and Bridgewater (see Section 3.3.2). Limited numbers of cattle and sheep graze the 
hills .and there is a problem with undergrazing in some areas. There is however a substantial 
herd of red deer on the Quantocks together with other species of deer. With the permission of 
the Quantocks Management Committee research into tick populations and related vegetation 
communities is being carried out on the Hills. Introduction of research activities in 1991 
resulted in some media interest in the project and press releases and local television reporting 
ensured some local knowledge of Lyme disease. 
37 
Ticks infected with the Lyme disease organism (Borrelia burgdorferi) were collected live from 
all three sites by the author in 1991 (testing was earned out by the Institute of Virology and 
Environmental Microbiology at Oxford, the polymerase chain reaction (PCR) being used for 
DNA amplification when testing for B. burgdorferi ). Current testing (1995) of ticks from these 
sites for the presence of B. burgdorferi is being earned out at the University of Plymouth using 
PCR to amplify spirochaeta! DNA (see Chap 6) (pers.comm: RW.Brown and C.Munn 1995).· 
4.4 The survey 
A pilot study canied out on Dartmoor in May 1993 (n=30) revealed that three quarters of 
respondents (moorland walkers) lacked knowledge of the disease. It was therefore considered 
that the final design of the questionnaire should contain mainly closed (yes/no) questions in 
order to obtain basic information for the categories of interest Questions covered four main 
areas; (I) knowledge of Lyme disease; (2) connections with the countryside and animals; (3) 
knowledge of sheep ticks; and (4) use of preventative measures against tick bites. 
Whilst interviewers were briefed with simple factual information concerning Lyme disease, they 
were instructed to answer queries from respondents only after the questionnaire had been 
completed in order to avoid any information bias. The main survey was carried out in May, 
June and July 1993. 
631 completed questionnaires were returned in total from the three sites. A number of visitors 
came to enjoy the scenery and remained in or near their cars and in order to include only those 
people who ventured onto the open moor such respondents were excluded from the analysis. 
Numbers of usable questionnaires were as follows:-
Dartmoor 
210 
Quantocks 
190 
38 
North York Moors 
167 
Total 
567 
4.5 Results 
Results of the initial analysis of the total of 567 questionnaires showed that:-
* 76% had not heard of Lyme disease. 
* 
* 
* 
* 
* 
91% did not know the symptoms. 
85% did not know how they might become infected. 
61% would not recognise an uofed tick. 
75% did not wear any protective clothing. 
85% did not check themselves for ticks. 
Lyme disease has been recognised as a potential occupational hazard (Schwartz and Goldsteio 
1989), farmers and gamekeepers for example representing groups at risk. Replies from those 
respondents in this survey who had worked in the countryside (167 in total) were analysed as a 
separate group to ascertain whether 'at risk' groups were better informed about the disease than 
the general public (Figure 4.1a). (fhe proportion of country workers to general public was 
similar on all three sites). 
Some statistically significant differences emerged from this analysis, both between country 
workers and the general public, and between responses from the three sites surveyed. The 
numbers of people who had not heard of Lyme disease were high, although proportionately 
country workers were better informed than the general public (p < .01) (Figure 4.1a). The 
general public on the Quaotock Hills appeared to be more knowledgeable than the general 
public on the other two sites (p < .0 I). 
Awareness of the disease did not always extend to knowledge of U1e symptoms since 86.8% of 
country workers did not know what the symptoms were. This figure was, however, significantly 
lower than the 92.5% of general public respondents who lacked this information (p < .05). 
This lack of knowledge of symptoms was similar in all three geographical areas (Figure 4.1c), 
with the general public on Dartmoor significantly less well informed than country workers in 
that area (p < .05). 
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Respondents in this survey were equally poorly informed about sheep ticks and their role in 
spreading infection. As might be expected recognition of unfed ticks was much greater in 
country workers than the general public (p < .001), but few people in either group were aware 
that a bite from an infected tick carried a risk of contracting Lyme disease. Respondents from 
the Quantock Hills were most knowledgeable, mainly due to a greater awareness by the general 
public in this region (p < .001). This data also shows that respondents interviewed on the North 
York Moors more readily recognise uofed ticks than those respondents on the other two sites 
(Figure 4.1b). 
Few respondents wore clothes that might have protected them against tick bites, and there was 
no significant difference between the numbers of country workers and the numbers of the 
general public who wore protective clothing. Across sites the North York Moors showed 
significantly more respondents who covered up than did respondents on the other two sites. 
Possible explanations might be the difference in latitude (and temperature) between the 
N.Y.Moors and the other two sites, and also the greater number of serious fell walkers who 
frequent this site and who would be well equipped for hill walking. 
Checking for ticks on clothes or skin after walking on the moors is a practice which can 
considerably reduce the risk of infection. Comparison between country workers and the general 
public showed a significantly higher proportion of country workers who checked themselves 
for ticks (p < .001 ), although both groups showed high numbers of people who did not bother 
to check. Across sites the Quantock Hills respondents again showed a significantly higher 
proportion who checked for ticks than did those on the other two sites (p<.OOI). 
Respondents were asked if they took any or all of a number of measures to guard against the 
risk of tick bites, and if they always carried them out, usually, sometimes or never. Results show 
very clearly that very few of these respondents ever carry out any safety measures (Figure 4.2). 
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4.6 Discussion 
The major fact to emerge from analysis of this survey data is the very high proportion of 
respondents who do not have much knowledge of the factors which could help them to avoid 
the risk of Lyme disease (Figure 4.1), 75% had not heard of the disease and 85% did not know 
how they might become infected. While some statistically significant differences were found 
between groups and between sites (see results section) the overall lack of knowledge is 
very high indeed (Sheaves and Brown 1995). 
Secondly, very few of these respondents ever carry out any preventive measures against tick 
bites, certainly not even the most basic measure of checking for attached ticks after leaving 
moorland areas (Figure 4.2). Although the 'self-protection' discussed here may be individually 
effective once the risk is widely known, the actual risk of infection can still remain high and the 
social acceptability of such a situation is open to question. 
Thirdly, respondents from the Quantock Hills showed slightly more awareness of some aspects 
of the issues than those from Dartmoor and the North York Moors. This may possibly have 
. been due to publicity surrounding experimentation taking place in the area (see Section 4.2), 
although even amongst these respondents the proportion taking preventive measures was low. 
Some areas of the U.K. are known foci of ticks infected with B. burgdorferi : Scotland, East 
Anglia and the New Forest for example (Welsby 1990). A few have posted signs indicating tick 
infested regions, following the practice of national and state forest in the U.S. and other 
countries. Some bodies (such as the Forestry Commission) have provided guidance for 
employees. Under the Health and Safety Regulations (1993) risk assessment will be obligatory 
by employers concerned with occupational groups working in known Lyme disease areas. This 
has major implications for open areas owned (and opened to the public) by Local Authorities, 
National Trust, Forestry Commission etc. For the large numbers of people in the U.K. using 
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Never 
moorland areas for leisure purposes these measures are largely incidental. In the absence of a 
safe, effective, cheap and practical method of large scale tick control a programme of public 
education would seem to be sensible. 
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CHAPTERS 
THE FIELD-BASED INVESTIGATION 
5.1 Aim 
• This project was designed to investigate the relationships, if any, between the densities of the 
various life stages of the sheep tick (/. ricinus ) and some of the dominant upland plant species 
found in moorland areas with a strong recreational draw. A positive relationship would then be 
further investigated by intervention/manipulation of the vegetation, in order to judge whether 
the tick population might be controlled or eradicated by management strategies for the 
vegetation cover of a particular site. Any relationships established have implications for long 
term management of moorland areas from economic, ecological and amenity viewpoints. 
The following objectives were incorporated into an experimental approach designed to carry 
out this investigation. 
5.2 Objectives 
i. To investigate the dynamics of the sheep tick Ixodes ricinus populations on different 
types of moorland dominated by particular upland vegetation in the U.K. 
11. To investigate (i) above m relation to more than one bio-geographical region within 
the U.K. 
iii. To investigate (i) above over more than one year's activity. 
iv. To assess the effects of manipulation on environmental factors and on numbers of 
sheep ticks on one specific moorland vegetation type. 
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5.3 Overall Plan of Investigation 
The proposed investigation was divided into two distinct phases. In the first stage it was 
necessary to collect data concerning the spatial and temporal distribution of all tick life stages in 
relation to dominant moorland vegetation communities. Quantification of any differences 
would lead to the second stage of the project. Intervention in the current land management 
practices by manipulation of one dominimt vegetation community, and a11 investigation into the 
effects of this intervention would complete stage two. 
5.3.1 Background 
Little work has been carried out on tick densities in relation to different vegetation 
communities. Ticks are susceptible to dessication (they require a high relative humidity) and to 
extremes of temperature (Arthur 1963), and microclimatic factors at ground layer level under 
different vegetation communities could influence survival and development of any or all life 
stages of the sheep tick (MacLeod 1936; Daniel 1978; Daniel et a/ 1976). Referring to the 
north of the U.K., Milne (1944) suggested a slight possibility of varying tick densities on 
different types of vegetational cover, and both Cameron (1941) and Milne (1944) mention low 
tick densities on heather hills and high tick densities in bracken areas. Brown (1985) and 
Hudson ( 1986), again in the north of the U.K., have suggested that tick densities are greater on 
bracken dominant areas than on heather dominant areas. 
Work carried out in the U.S. relates to woodland areas (Siege! et a/ 1991; Maupin et al 1991). 
Mejlon and Jaenson (1993) investigated both mixed spruce/deciduous forest, marshy pasture 
and shrub/marsh vegetation in Sweden finding that the greatest abundance of ticks in their study 
was in mixed forest vegetation. Daniel (1993) examining altitude in relation to tick survival in 
north-eastern Bohemia also chose forested areas for his study. 
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5.3.2 Choice of moorland habitat 
Woodland areas offer habitats for small and large mammals (tick hosts) and ground-storey 
environmental conditions which may favour tick survival, and therefore require investigation. 
However open moorland attracts a large number of visitors (particularly walkers) with the 
attendant risk of bites from ticks infected with B. burgdorferi. Also open moorland areas in the 
U.K. have not previously been studied in relation to Lyrne disease and therefore this study, 
concentrating on those areas exclusively, will be a new contribution to knowledge. Dilution of 
resources to cover investigation of another major habitat type. ie. woodland, was not considered 
advantageous for this study. 
5.3 .3 Choice of bio-geographical regions 
The investigation concentrated on two bio-geographical regions of the U.K., one area in the 
cold-dry, north-east of the U.K. (the North York Moors) and one area in the warm-wet, south-
west of the U.K. (the Quantock Hills in Somerset). The two areas are similar in altitude ranging 
up to 440 metres, although separated by 3-4 degrees of latitude. Both areas are heavily used by 
the general public for a number of outdoor leisure activities, particularly for walking. 
The North York Moors is a typical example of other northern moors, exhibiting all elements of 
northern uplands. The economy is based on agriculture (sheep farming and grouse), and 
forestry. The moors are known to carry large sheep tick populations, the studies by Brown 
(1985) and by Hudson (1986) referred to in Section 5.3.1 were carried out within the North 
York Moors National Park. 
Traditionally the South West has had a heavy involvement in tourism, particularly in coastal 
areas, but recreational activities on the moorlands of the region are intensifying rapidly and 
these areas are providing local populations with regular o"utdoor pursuits as well as catering for 
the seasonal innux of visitors. It was considered vital that data was collected from an area in the 
South West as tick populations had not been studied in this region before. A further reason for 
47 
collecting data in this region was to study the effects of the climatic conditions of the South 
West on tick populations and habitats. This could be of particular interest in relation to the 
effects of potential global warming in other regions of the U.K. which are presently 
experiencing harsher climatic conditions than are currently in evidence in the South West. The 
two areas chosen for investigation had the added advantage that co-operative administrative 
structures were in place. 
5.3 .3. I North York Moors National Park 
The following description is taken from the North York Moors National Park Plan (1977). 
The National Park covers I ,432 square kilometres of north eastern North Yorkshire and the 
southern fringe of east Cleveland. There are varied land forms from upland plateaux to deep 
valleys, gently undulating lowlands and rocky coasts. There are extensive tracts of heather 
moorland on the high land giving way to bracken slopes with residual woodlands and small 
fields in valley bottoms. There are also large blocks of commercial forestry in the south east of 
the Park. 
In the south the Park consists of a complex scarp and dip-slope formation on the calcareous 
. Tabular Hills. To the north and west is the central upland area of the North York Moors proper, 
declining in altitude east wards towards the sea. A series of valleys cut into the central uplands, 
Bilsdale, Bransdale, Farndale, Rosedale and Newton Dale draining into the Vale of Pickering, 
and the shorter valleys of Westerdale, Danbydale, Fryup Dale, Glaisdale and Wheeldale draining 
to the Esk Valley. In Eskdale and on the floors of many dales there are heavy, poorly draining 
soils over clay and shale parent materials. On the limestones there are rich brown earths between 
Helmsley and Thornton Dale, but also some very thin soils. Grits and sandstones make up much 
of the uplands, carrying chemically leached soils often overlain by varying thicknesses of peat. 
On some of the watershed areas and higher valleys there are thick peat deposits, although these 
have been depleted by cutting and draining. 
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Although large areas of the Moors have been planted with coniferous forest during the present 
century, the unenclosed moorland continues to depend upon the traditional management 
regime of sheep grazing and grouse management. 
5.3.3.2 Quantock Hills 
The following brief description of the Quantocks draws very heavily on the Introduction to the 
Quantock Hills Management Plan, published by Somerset County Council in 1989, and 
produced on behalf of the Quantock Hills Joint Liaison Group. 
The narrow ridge of hills known as the Quantocks runs approximately north west from the Vale 
of Taunton Deane to the Bristol Channel. They are roughly 12 miles in length, and lie between 
the Somerset Levels and Moors (east of Bridgwater) and the Brendon Hills and Exmoor to the 
west. 
Although only 99 square kilometres in area (within the AONB), the landscape is one of 
immense variety. The western scarp, running down into the valley separating the Quantocks 
from Exmoor, is steep and partly wooded, and is deeply grooved by short combes. In contrast, 
the eastern slope is less dramatic and falls away to rolling countryside around Bridgwater. The 
hilltop plateau is heathland, much of it treeless, a combination of heather, gorse and bracken, 
and deep combes of oak woodland. 
Geologically, the northern heathland is underlain by the Hangman Grits, very old hard fine-
grained sandstones. Slates, shales and limestones make up the central llfracombe Beds, while at 
the southern end the Morte Slates form a thick deposit of mud shales. The more gentle 
undulating count£)' typical of the southern end of the Quantocks results from erosion of these 
softer deposits. The main ridge is surrounded by the New Red Sandstone which is characteristic 
of West Somerset and Devon. 
Although the underlying geology has determined the shape and character of the Hills, and has 
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produced a range of soil conditions at the surface, the greatest innuence on the landscape has 
been the management of the land by man. 
5.3 .4 Choice of vegetation communities for investigation - Stage I 
Three types of vegetation community were chosen for investigation in relation to ·tick 
populations and survival. These were defined by dominant. field la,yer type. These were Calluna 
vulgaris (heather) dominated, Pteridium aquilinum (bracken) dominated, and Vaccinium 
myrtillus (bilberry/whortlebeny) dominated communities. In order to avoid confusion over 
common names, the latter species will be referred to as Vaccinium in this thesis. 
Heather is an evergreen shrub and is by far the most abundant species of heath in Britain. It 
provides cover for twelve months of the year, and is a valuable food plant for hill sheep and 
grouse (Grime et al 1988). Vaccinium is a deciduous shrub, although shoots provide a 
substantial photosynthetic area during winter and early spring, and animal feed during the 
winter (Grime et a/ 1988). Bracken is a rbizomatous fern, and although being a competitive and 
aggressively invasive species has an extremely short growing season. Croziers begin to emerge 
in late April and grow rapidly until July-August when the fronds start to senesce. The winter 
ground cover is characterised by a deep litter layer of dead and decaying fronds (Grime et al 
1988). 
Previous studies (see 5.3.1) bad suggested that bracken dominated and heather dominated 
communities had differential tick densities within the National Parks, and further in-depth 
investigation of these differences was indicated. Vaccinium communities have not been the 
subject of scientific investigation in relation to tick populations in these moorland areas in the 
U.K., although anecdotal information from the Netherlands suggests that tick populations there 
on Vaccinium stands are thought to be substantial (J. den Ouden 1994, pers. comm.). 
Vaccinium has been shown to be positively associated with bracken communities (North York 
Moors National Park 1986) and has appeared to expand into bracken areas, through its 
underground rhizome system, in spring before bracken frond emergence. Increases in 
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Vaccinium cover have occurred in areas where bracken control by chemical spray has taken 
place (North York Moors National Park 1986), and it is a favoured species for regeneration of 
areas cleared of bracken. These characteristics suggested that closer examination of Vaccinium 
communities in relation to tick populations should he undertaken. 
5.4. Stage I. Site selection 
Nine sites were selected in both study areas: the Quantock Hills and the North York Moors; 
there were 3 sites each of heather-dominated, Vaccinium-dominated and bracken-dominated 
land. This selection was made on the basis of visual appraisal and homogeneity of the dominant 
vegetation. Sites were also selected for similar height of vegetation in order to maintain 
comparable blanket contact during the sampling procedure (see 5.7.1) across sites. 
The distribution of sheep tick populations is spatially discontinuous in that some moorland 
areas are totally tick-free, while others (with apparently similar characteristics) carry heavy tick 
populations (Milne 1944). For a questing tick population to he present in a given area host 
animals must have deposited engorged ticks (at a prior stage of development) on that area at 
some previous time. Before selection for inclusion in the project individual sites were assessed 
by random blanket dragging (see later discussion of tick sampling methods) to ensure that they 
were supporting active tick populations. 
Site references 
North York Moors 
Site I. Calluna vulgaris Grid reference 71339109 
Site 2. 70659135 
Site 3. 68170113 
Site 4. Vaccinium myrtillus 708055 
Site 5. 700919 
Site 6. 668141 
Site 7. Pteridium aquilinum 696908 
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Site 8. Pteridium aquilinum 72590858 
Site 9. 675137 
Quantock Hills 
Site 1. Calluna vulgaris Grid reference 143381 
Site 2. 168349 
Site 3. 176353 
Site 4. Vaccinium myrtillus 138386 
Site 5. 169352 
Site 6. 179344 
Site 7. Pteridium aquilinum 139384 
Site 8. 188359 
Site 9. 172354 
5.5. Sampling plan 
A permanent experimental plot 100 metres by 70 metres was established on each site and 
marked by two wooden pegs, one at the centre of each short side of the plot. This allowed a 
transect line to be run out between the pegs at each sampling session. A strip 1 metre wide on 
each side of the transect line was designated as a 'trampling' area to avoid unnecessary 
disturbance of the sampling site. 
Stratification of the site for sampling purposes was not considered necessary since sites were 
initially chosen for homogeneity of vegetation type. Also standardisation of a stratification 
procedure across numbers of sites of different vegetation communities would be difficult to 
accomplish, and could introduce added bias rather than narrowing the variability. 
Sampling was carried out from various positions along the transect line. These points were 
randomly selected (using random numbers tables), and were selected afresh for each sampling 
session (for both ticks and vegetation). Blanket dragging for ticks was carried out at right angles 
to the transect line (odd numbers to the left, and even numbers to the right). Quadrats for 
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vegetation sampling were established at randomly selected co-ordinate points using points on 
the transect line as one of the co-ordinates. 
5.6. Estimation of tick densities 
Assumptions made concerning these tick populations were that all questing ticks on each site 
had an equal opportunity of being sampled, that predation (by birds, beetles etc.) would be 
similar on all sites, and that macroclimatic factors within geographical regions would be 
. sufficiently similar to be disregarded for this project. 
Estimates of emigration, immigration, births or deaths are impossible to carry out on any life 
stage of natural tick populations on large sites throughout the period of a long-term study. 
Although ticks do not move laterally over large distances, host animals may attract questing 
ticks and remove them from site, or may drop engorged ticks onto a site. Previously laid egg 
masses may hatch, some predation may take place, and natural death by ticks unable to find a 
host may occur. Determinations of relative densities, such as catch per unit effort or trapping, 
allow large quantities of data to be collected from sites and since comparisons of density are the 
aim of this study it was decided that relative rather than absolute densities would be estimated. It 
was considered of vital importance that the investigation should encompass as many large sites 
as possible, and also that large numbers of samples should be collected from each site in order 
that comparisons of abundance should be as extensive as possible. 
5. 7. Sampling techniques 
5.7.1 Tick collection 
The most widely used sampling method for collecting ticks is by blanket dragging (Southwood 
1978), although a number of alternative methods have been introduced in attempts to improve 
efficiency. 
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There are four main methods reported at the present time. These are firstly collecting ticks 
attached to animal hosts such as those obtained from live trapping small mammals (Wilson and 
Spielman 1985), from farm animals such as sheep (Randolph and Steele 1985; Mathewson et al 
1993) or from tethering animals such as rabbits as bait (Gray 1985). In the U.K. the latter 
practice is unlikely to comply with the Animals Scientific Procedures (Act) 1986. It is essential 
that animal welfare considerations are taken into account, and that procedures comply with the 
Animals Scientific Procedures Act (1986). 
Secondly by blanket dragging (that is by pulling a blanket across vegetation) to collect questing 
ticks (MacLeod 1932; Milne 1943; Gray et al 1978) or by variations on the blanket dragging 
method by fixing the blanket to a framework of some sort (Biagoveschenskii 1957; Wilkinson 
1961). Carroll and Schmidtmann (1992) introduced a 'tick sweep' for use in close-growing 
and tangled vegetation. In sampling the deer tick (/. dammini) in woodland areas they found 
the sweep was as effective as the standard blanket drag where understorey vegetation was sparse, 
but was twice as effective in dense vegetation. Gray (1985) used a 'strip-flag' (a blanket cut 
into narrow strips along its length) swept in a semicircle in front of the operator. 
Thirdly by human host sampling (leggings of a suitable material are fixed tightly around the 
legs, and the operator walks through the vegetation to be sampled) (Schulze et al. 1985). The 
. latter method, usually carried out for a fixed period of time, results in tick numbers (counted 
from the leggings) expressed as ticks per unit time, which can be compared with a standard 
figure for surveillance purposes or after chemical control. This method was introduced into 
areas in the U.S. when Lyme disease became epidemic as a quick method of assessing tick 
populations in endemic and non-endemic areas. 
The fourth method is by the introduction of a dry ice baited tick trap to a site (Wilson et al 
1972; Gray 1985). The ticks are attracted to the carbon dioxide gas emitted by the dry ice and 
are collected from the trap. 
Wilkinson (1%1) compared a wheeled adaptation (with blanket covered framework attached) 
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with the drag method, and with the framework introduced by Blagoveschenskii (I 957) and also 
with the human host sampling method, when sampling for larvae of Boophilus microplus, 
finding that the two framework devices gave the highest yield when sampling pasture while the 
leggings were most useful in rough and heavily timbered country. 
Solberg et al (1992) evaluated three tick sampling methods (dry ice baited traps, blanket drags 
and human host sampling) when assessing which technique yielded the greatest numbers of 
questing /. dammini . After 4 sampling events (2 in May, I in July and I in November) results 
showed that although there were no significant differences between the drag and human host 
methods for any stage of ticks, the dry ice method caught more stages and significantly more 
numbers than either of the other two methods. 
Falco and Fish (1992) used small mammal hosts, drag sampling and carbon dioxide baited traps 
to carry out a comparison of methods for sampling nymphal and larval I. dammini. Eight sites 
were sampled 14 times between the end of May and the end of August 1984, using all three 
sampling methods on each site. Tick numbers were totalled for all sites over the period of the 
study and showed that drag sampling collected the most nymphs, while although slightly more 
larvae were recovered from carbon dioxide baited traps each method yielded around 1000 
larval ticks overall. This study also showed a significant difference in the number of ticks 
collected between sites. 
These studies suggest that there may well not be one method of tick collection which invariably 
yields the best results in all circumstances. For the purposes of the investigation into sheep tick 
numbers on the Quantock Hills and the North York Moors, it was concluded that in the open 
moorland situation the human host method of collection would be inappropriate. Since for 
most of the year vegetation on all three communities would be low to the ground ticks would 
not easily transfer to leggings. 
The scope of the total investigation as set out in Section 5. 3 is such that collection of ticks from 
animal hosts was also not practical for this study. The resources required to trap small mammals 
55 
or to measure tick populations on sheep, for instance, over a large number of sites at some 
distance from one another were beyond the resources available for this study. 
Ticks are only capable of lateral movement over small distances, and therefore a carbon dioxide 
baited trap would only attract ticks from within a small radius of the position of the trap on the 
experimental site. Large numbers of traps would be required to achieve a sensible random 
sampling of a large site, this would be costly in terms o( capital outlay for traps and also for 
labour for servicing them. The fact that traps need to be left in position for at least 24 hours and 
checked after this time has elapsed also substantially increases the running costs of this method 
of collection. 
The simplicity of the blanket dragging method for a large scale research project was attractive, 
and it is undoubtedly the cheapest and most practical method of tick collection for a study of 
this size. While the 'tick sweep' introduced by Carroll and Schmidtmann (1992) is most 
efficient in dense and tangled vegetation, this adaptation of the blanket drag was considered 
unnecessary for the type of vegetation which was to be sampled in this project. The strip-flag 
method adopted by Gray ( 1985) was considered to allow operator variation. The final choice of 
tick sampling method was therefore the simple blanket drag. In terms of capital cost this was 
cheap, it was easily replaced, easily cleaned, aud the actual sampling on the ground was easily 
standardised between a number of field assistants, thus reducing the variability which arises 
from individual differences in the application of the sampling technique. 
Milne (1943) tested the efficiency of the blanket drag method for sampling unfed nymphal 
ticks by dragging the blanket over 50 yard distances, noting the number of ticks and their 
positions on the blanket at both 25 yards and 50 yards. He concluded that while more nymphs 
were found on the blanket after 50 yard drags, less losses due to 'scraping off occurred after 
25 yards. It was considered that since densities were being compared across sites for this project 
that a drag distance of 30 metres would be acceptable. 
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5.7.2 Tick sampling 
Using the sampling plan set out in Section 5.5, all sites were blanket dragged (Milne 1943; 
Southwood 1978) for collection of live questing ticks at approximately monthly intervals 
throughout the spring and summer months of 1991 and 1992. It was not possible to sample 
each site at precise intervals or on specific dates due to the _logistics of staffing, and weather 
conditions. Gray (1981) and Milne (1943) suggest that weather conditions at time of dragging 
may affect the numbers of ticks which are questing on vegetation. The author's own experience 
suggests that in wet conditions the blanket quickly becomes saturated and ticks do not adhere to 
it, and therefore dragging was never carried out during or immediately after rain. 
Sampling on each date consisted of 10 blanket drags/site (a 1m2 blanket dragged over 30 
metres constituted one drag). Sampling points were randomly selected (random numbers table) 
along the lOOm linear transect (see 5.5). Live ticks adhering to the blanket were counted and 
recorded by developmental stage, then transferred to a vial containing preserving fluid (70% 
alcohol, 5% glycerol) for later microscopic examination and confirmation of identification. 
Dragging was abandoned from the beginning to middle of July until late autumn on some 
bracken sites in both 1991 and 1992 as the increased risk to field staff of tick bites from 
working in tall bracken was unacceptable. Also bracken was nearing 2 metres in height on some 
sites by mid summer, causing the blanket to ride over the top of the vegetation and making tick 
counts unrealistic. This could have implications for the total number of ticks collected from 
bracken, but results suggest that this is unlikely to influence the general relationships. 
5. 7.3 Categorisation of site vegetation 
In order to categorise vegetation, cover values were determined for the dominant species, ie. 
bracken, heather and Vaccinium. Cover values of litter, of grasses, and of herbs on each site was 
recorded at the same time, although these were not identified to species level. 
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Cover is defined as the proportion of the ground occupied by a perpendicular projection of the 
aerial parts of individuals of the species under consideration (Greig-Smith 1983) expressed as a 
percentage. 
This definition is easily translated into practice when investigating species which cover small 
discrete areas of surface. However in terms of species. such as the three currently under 
consideration, it is difficult to decide (particularly in the case of bracken) the limits of one 
individual of the species. For the purpose of this investigation cover was recorded as 10% for 
each first hit from a sampling point. 
Using the sampling plan described in Section 5.5, percentage cover of dominant plant species 
was recorded within five 1m2 quadrats (10 randomly selected points in a quadrat strung to give 
lOO squares) on each site in July 1991. Percentage cover/m2 of litter, of grasses, and of herbs 
was recorded at the same time within the same quadrats. 
5. 7.4 Microclimate measurement 
Temperature and relative humidity in the immediate environment of the tick are the main 
microclimatic factors which are likely to affect survival of the tick over time. Long-term 
measurement of these variables for each site would have been feasible using psychrometers 
linked to data loggers. However the equipment is relatively expensive in terms of capital cost 
when attempting to cover a large number of sites at some distance from one another. The 
possibility of vandalism of the equipment (especially in an area which is popular with the 
general public for a number of activities) was considered, as was the damage to sensitive 
equipment by large animals. Fencing off equipment usually draws attention to its presence, and 
also alters the natural environment (for instance by controlling the use of the site by large 
animals). Travelling time and expense for down loading the data loggers was also taken into 
consideration particularly as a major disadvantage of this type of equipment is that one very 
small portion only of the total site area will be sampled. 
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One alternative often employed is the use of data from the nearest weather station. Adjustment 
of this data by standard formulae to give detailed coverage of the experimental sites would only 
produce a general (macro) picture of these experimental sites, and could not give data for 
environmental variables at micro level which would be relevant to the present study. 
However, during 1992 the temperature and relative humidity on all sites were recorded during 
blanket dragging operations using a handheld humidity and temperature meter (ELE 
International) which registered both values. 10 readings were taken at each site, at the point on 
the transect line at which a blanket drag was begun. Readings were taken at ground le\'el, at 
vegetation level and at waist level, a total of 30 readings per site on each sampling date. These 
measurements were taken to obtain some indication of these environmental variables for the 
experimental sites, and the range within which the sites fell. They do not indicate measurements 
of temperature and relative humidity at tick 'niche' level. This latter data is virtually impossible 
to obtain for a field based study. 
5.7.5 Mammal trapping 
An initial investigation into small mammal populations was designed to be carried out on the 
Quantock Hills only; lack of resources precluded carrying out a similar investigation on the 
North York Moors during this study. Four vegetation communities were chosen for 
investigation, these were :-
heather ( Caluna vulgaris ) 
Vaccinium myrtillus 
cut bracken (Pteridirtm aqrtilinum ) 
sprayed bracken (Pteridium aqrtilinum ) 
A trapping programme to be carried out four times in 1993/94 (ie in winter, spring, summer, 
and autumn) was initiated in winter 1993, and was designed to compare small mammal species 
and population numbers between the different vegetation communities. (Small mammals have 
been implicated as reservoir hosts for the spirochaetc B.burgdorferi - see Section 2.7.2). 
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A mark and recapture technique was employed using Longworth mammal traps, and trapping 
procedures recommended by Gurnell and Aowerdew (1982) were carried out. Twenty traps 
were set in pairs on each of the four different vegetation communities. These traps were laid 
down along a transect running through the midline of each site, at 10 metre intervals between 
pairs. 
Soft hay was used as bedding in the traps, and each trap was baited with whole grain, Weetabix, 
and sliced apple. One trap from each pair was also baited with a small amount of tinned cat 
food in the event of there being any shrews on the sites. Prebaiting was not carried out in this 
study since time and resources were limited, and it was anticipated that most information would 
be gained by catching on the first day of trapping (Gurnell and Aowerdew 1982). 
Trapping was carried out for 7 days consecutively, and traps were checked twice daily in early 
morning and late afternoon. Animals were removed from the traps and identified, weighed, 
sexed and condition checked. Other data collected were numbers of adult and juvenile animals 
of each species on each site. Before being released animals were marked by fur clipping in 
order that any recaptures could be identified as trapping proceeded. 
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5.8 Results 
5.8.1 Pilot study of tick densities on the Quantock Hills. 
In order to establish the evidence for variation in tick numbers between different upland plant 
communities a pilot study was carried out on 6 sites on the Quantock Hills in early summer . 
1991, including 4 bracken dominated sites, 1 Vaccinium dominated site and I heather 
dominated site. These sites were blanket dragged on 4 occasions (10 drags/occasion/site) at 
approximately weekly intervals in order to test the planned sampling procedure, and also to 
gather some idea of the numbers of ticks involved. Table 5.1 shows the total numbers for the 4 
data collections from each site. 
Table 5.1 Total numbers of immature and adult ticks collected in pilot study 1991 
Larvae Nymphs Adults 
Site I. Heather 0 13 6 
Site 2. Vaccinium 233 478 18 
Site 3. Bracken I 127 Ill 2 
Site 4. 2 360 14 0 
Site 5. 3 47 128 6 
Site 6. 4 94 6 
The results of this pilot study showed some variation in the numbers of immature and adult 
ticks found on heather, bracken and Vaccinium communities on moorland on the Quantock 
Hills. Numbers of larval and nymphal ticks on the heather site were low relative to the other 
vegetation communities, while the Vaccinium site returned relatively high numbers of nymphs 
and adults. A similar order of magnitude of larvae was obtained on Vaccinium and bracken 
sites. Adult tick numbers were very similar on all sites. 
These results were particularly interesting in view of the fact that sites I, 2 and 3 were adjacent 
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to one another with only a few metres between them. A sheep nock runs over this particular 
moorland area and a herd of deer also browses and lies up on these sites. Thus the management 
is in common with potential utilisation of the vegetation by the same large vertebrates, and 
therefore the initial assumption is that the variation is likely to be determined by the plant cover. 
Table 5.1 also indicates the variability in numbers of ticks collected from 4 sites on similar 
vegetation, sites 3, 4, 5 and 6 - in this case all dominated by bracken vegetation. It is virtually 
impossible to sample natural populations of ticks on different sites under exactly the same 
environmental conditions, which indicates that in any investigation as many large sites as 
possible should be sampled as extensively and as frequently as is practicable, in order to combat 
the variability which will inevitably arise. 
Another consideration must be that all questing ticks collected on a site have metamorphosed 
from engorged ticks dropped on that site by a vertebrate at a previous date, usually in a 
previous year. Any change in the vertebrate fauna of a site (whether wild or domestic, large or 
small) could drastically affect numbers of questing ticks in the succeeding year. Although most 
immature ticks are assumed to feed mainly on small mammals, and adult ticks on large 
mammals, it is impossible to establish which species particular immature or adult questing ticks 
have fed on at a previous stage, and therefore what effect a change in vertebrate species 
composition might have on tick densities. 
5.8.2 Stage I -tick numbers 
Following the pilot study the main Stage I study was initiated - see Section 5.4. 
For purposes of comparing tick densities across vegetation types, tick numbers were aggregated 
(within each life stage) for each vegetation type and for each year. They were expressed as 
mean numbers of ticks per drag per annum. 
Mean ticks I drag I site I annum = Total tick numbers I site I annum + Total drags I site I annum 
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Table 5.2 displays aggregated tick data for 1991 and 1992, covering the North York Moors and 
the Quantock Hills. A similar trend to the pilot study shows in low annual numbers of larval and 
nymphal ticks on heather dominated sites, and much greater numbers on Vaccinium and 
bracken dominated sites, in both years. 
Table 5.2 
Heathers 
Vaccinium 
Bracken 
Heathers 
Vaccinium 
Bracken 
Mean tick numbers I drag on different vegetation communities 
for North York Moors and Quantock Hills (aggregated data). 
Both Regions 1991 
No. sites No. drags Larvae Nymphs Adults 
6 360 0.64 0.28 0.16 
6 360 11.89 2.58 0.18 
6 280 6.69 1.80 0.07 
Both Regions 1992 
No. sites No. drags Larvae Nymphs Adults 
6 340 0.56 0.44 0.06 
6 360 7.18 2.49 0.18 
6 220 9.88 3.77 0.19 
Kruskal-Wallis two factor analysis of variance showed that in the case of both larvae and 
nymphs average numbers collected on heather sites in both 1991 and 1992 were significantly 
lower (p < 0.05) than those collected on the other two vegetation types. In each year the mean 
larvae and nymph numbers/drag/annum on heather sites were less than 1.0, compared with mean 
numbers on Vaccinium and bracken sites which were at least one degree of magnitude larger. 
There were no significant differences between numbers of larvae or numbers of nymphs 
collected on Vaccinium and bracken sites. 
These data are displayed independently for each region and for each year in Table 5.3. 
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Table 5.3 
Larvae 
Heathers 
Vaccinium 
Bracken 
Nymphs 
Heathers 
Vaccinium 
Bracken 
Adults 
Heathers 
Vaccinium 
Bracken 
Mean tick numbers I drag on different vegetation communities 
for North York Moors and Quantock Hills for 1991 and 1992. 
Quantocks N.Y.Moors 
1991 1992 1991 1992 
0,58 0.56 0.73 0.55 
13.87 10.54 8.38 3.82 
4.41 12.02 17.14 4.18 
0.23 0.30 0.35 0.59 
2.79 2.59 2.21 2.38 
1.95 3.84 1.10 3.58 
0.14 0.07 0.18 0.04 
0.16 0.19 0.21 0.17 
0.07 0.22 0.08 0.13 
Kruskai-Wallis two factor analysis of variance showed that in the case of both larvae and 
nymphs average numbers collected on heather sites in both bio-geographic areas in 1991 and 
1992 were significantly lower (p < 0.05) than those collected on the other two vegetation types. 
In each year and in each area the mean larvae and nymph numbers/drag/annum on heather sites 
were less than 1.0, compared with mean numbers on Vaccinium and bracken sites which were at 
least one degree of magnitude larger. There were no significant differences between numbers 
of larvae or numbers of nymphs collected on Vaccinium and bracken sites on the two areas. 
Mean numbers per drag of larvae, and of nymphs, and of adult ticks were similar on each 
vegetation community for the two areas (Quantock Hills and North York Moors), and were also 
similar for the years 1991 and 1992 (Kruskal-Wallis two factor analysis of variance showed no 
statistically signific::nt differences for the ~ites considered in this project). 
In contrast to the immature life stages the numbers of adult ticks collected on heather, 
Vaccinium and bracken dominated sites on the Quantock Hills and the North York Moors were 
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similar, no statistically significant differences being detected between vegetation types or 
between years for adult ticks (Kruskai-Wallis two factor analyses of variance). 
The data have been tabulated by month to illustrate peaks of tick activity (see Appendix 2). 
Figures 5.1, 5.2 and 5.3 display mean ticks per drag per month for immature and adult ·ticks for 
the three vegetation communities under investigation for 1991 and 1992. (The reduced scaling 
for larval and nymphal activity on heather, compared with Vaccinium and bracken, is deliberate 
in order to demonstrate the spread of activity on heather sites.) Although data collection on the 
North York Moors in 1991 did not begin until July, data collection in 1992 began in April in 
both regions. Figures 5.1, 5.2 and 5.3 suggest that on the Quantock Hills one main peak of tick 
activity is exhibited each year for each life stage, although there is obvious reduced activity as 
the summer progresses. Since data collection on the North York Moors did not begin until July 
in 1991 only data for 1992 was available throughout the spring and summer seasons for that 
area. There is some slight indication that a late summer peak occurred in addition to the main 
peak of activity for both nymphs and adult ticks, although larval activity on these sites appeared 
to be concentrated in late summer. 
The peak of larval activity on the Quantocks in 1992, demonstrated by this data, appears to have 
occurred in June-July, earlier than that on the North York Moors by some ·weeks since, as 
already noted, the latter appears to have occurred on the project sites in late summer. Larval 
activity on the Quantocks is also apparent at some level for most of the spring, summer and 
early autumn months, which could reflect the warmer spring and autumn weather experienced 
in the south-west of the U.K compared with the north-cast. Late summer data for some bracken 
sites (particularly on the Quantocks) are artificially reduced since blanket dragging bad to be 
abandoned on sites where frond growth bad become excessive and the charts displaying larval 
data on bracken sites will reflect this. 
Nymphal activity on the Quantocks also appears to have peaked in early summer in both years, 
and declined over the summer and early autumn months. On the North York Moors nymphal 
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Figure 5.1 Mean larvae I drag on heather, bracken and Vaccinium vegetation communities on the Quantocks & the North York Moors 1991 and 1992. 
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Figure 5.2 Mean nymphs I drag on heather, bracken and Vaccinium vegetation communities on the Quantocks & the North York Moors 199 1992. 
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Figure 5.3 Mean adults I drag on heather, bracken and Vaccinium vegetation communities on the Quantocks & the North York Moors 1991 and 1992. 
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Figure 5.4 Nymphal ticks from 3 adjacent sites on the Quantock Hills 
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N.B. Data collection On the North York Moors in 1991 began in July. 
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activity appears to have followed the pattern for larval activity in peaking slightly later in 
spring/early summer than on the Quantock Hills. As with larval activity this may be induced hy 
the colder springs experienced in the northern area. The North York Moors activity does 
however appear to exhibit some evidence of a second autumn peak of nymphal activity. It is 
important that these trends in tick activity (particularly nymphal activity, since nymphs are 
considered to carry the most risk of Lyme disease) are. identified correctly when tick control 
measures are to be introduced in order that ticks can be controlled at the peak of their ·activity 
cycles. 
Figure 5.3 displays adult tick data for both areas. Although the mean numbers of adults are 
considerably smaller than those of nymphs, they show a persistent presence throughout the 
spring, summer and early autumn months in both areas, particularly on Vaccinium sites. Again 
bracken data displayed (particularly on the Quantocks) reflects the abandonment of blanket 
dragging on tall bracken towards the end of the summer months. 
Figure 5.4 illustrates tick numbers on a) 3 sites on the Quantocks, and b) 2 sites on the North 
"York Moors. These sites arc under different dominant vegetation cover but are in close 
proximity to one another on their respective moors. The large mammal host populations (in 
terms of sheep and deer on the Quantocks, and sheep on the North York Moors) were identical 
for those sites on individual moors, but small mammal populations have not been determined. 
Figure 5.4 displays mean nymphal ticks per drag on the different dominant vegetation types on 
adjacent sites and clearly displays the low tick numbers on the heather sites relative to the 
bracken and Vaccinium sites. 
Tables 5.5 to 5.9 illustrate the variability of the data within sites in 1992. The dispersion of 
questing ticks depends upon the position of the hosts of the previous developmental stage when 
detachment of the engorged ticks at the end of the blood meal takes place. In the case of the 
larval stage, the fertilised and engorged adult female will have laid her egg mass near the point 
of detachment from the host. Larval ticks hatching from that egg mass (having little lateral 
mobility) will tend to be collected on the blanket in clusters. These clusters are also easily by-
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passed when sampling. Both these occurrences widen the variability of larval data within sites 
compared with nymphal and adult data. For instance, the mean of larval tick numbers on 
Thomcombe (see Table 5.5) for 17/9192 was 15.4, but 83 larvae were collected on I drag -
more than half the total for that date. 
Table 5.5 Mean tick numbers and standard errors for Thomcombe Vaccinium site 1992 
Date 
15.5.92 
24.5.92 
16.6.92 
9.7.92 
3.9.92 
17.9.92 
31.10.92 
Larvae 
Mean S.E. 
10.10 5.30 
30.80 7.52 
53.80 11.90 
17.70 3.60 
8.40 2.34 
15.40 7.83 
0.40 0.31 
Nymphs 
Mean S.E. 
14.60 2.39 
7.20 1.03 
4.10 0.64 
1.20 0.36 
0.60 0.27 
0.50 0.34 
1.00 0.33 
Adults 
Mean S.E. 
0.50 0.17 
0.20 0.13 
1.00 0.30 
0.20 0.20 
0.10 0.10 
0.10 0.10 
0.00 0.00 
Table 5.6 Mean tick numbers and standard errors for Ha1sway bracken site 1992 
Date Larvae 
Mean S.E. 
29.4.92 13.60 3.80 
15.5.92 33.40 8.38 
17.6.92 38.30 6.57 
9.7.92 36.80 7.33 
13.10.92 0.20 0.20 
Nymphs 
Mean S.E. 
9.80 1.75 
6.30 1.20 
2.60 0.60 
1.40 0.31 
0.60 0.27 
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Adults 
Mean S.E. 
0.70 0.34 
0.70 0.26 
0.50 0.17 
0.10 0.10 
0.20 0.13 
Table 5.7 Mean tick numbers and standard errors for Hurley heather site l992 
Date Larvae Nymphs Adults 
Mean S.E. Mean S.E. Mean S.E. 
29.4.92 0.00 0.00 0.10 0.10 0.10 0.10 
15.5.92 0.00 0.00 0.30 0.15 0.30 0.21 
16.6.92 0.10 0.10 0.20 .0.13 0.10 0.10 
9.7.92 0.30 0.30 0.10 0.10 .0.10 0.10 
3.9.92 0.00 0.00 0.00 0.00 0.10 0.10 
17.9.92 0.00 0.00 0.00 0.00 0.10 0.10 
31.10.92 0.00 0.00 0.00 0.00 0.10 0.10 
Table 5.8 Mean tick numbers and standard errors for Spaunton Moor Vaccini11m site 1992 
Date Larvae Nymphs Adults 
Mean S.E. Mean S.E. Mean S.E. 
10.4.92 0.00 0.00 0.40 0.22 0.00 0.00 
14.5.92 0.00 0.00 2.00 0.88 0.30 0.15 
27.6.92 0.00 0.00 4.20 0.81 0.40 0.22 
31.7.92 0.00 0.00 2.50 0.48 0.70 0.21 
13.8.92 29.1 11.70 1.70 0.54 0.10 0.10 
28.8.92 3.60 1.86 1.20 0.68 0.10 0.10 
Table 5.9 Mean tick numbers and standard errors for Spaunton Moor heather site 1992 
Date Larvae Nymphs Adults 
Mean S.E. Mean S.E. Mean S.E. 
10.4.92 0.00 0.00 0.00 0.00 0.00 0.00 
14.5.92 0.00 0.00 0.00 0.00 0.00 0.00 
27.6.92 0.00 0.00 0.00 0.00 0.00 0.00 
31.7.92 0.00 0.00 0.40 0.27 0.00 0.00 
13.8.92 0.10 0.10 0.30 0.21 0.00 0.00 
28.8.92 0.10 0.10 0.10 0.10 0.00 0.00 
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Tables 5.5 - 5.9 also illustrate the natural decline in numbers of ticks collected through the 
summer months from early spring to late summer. While some researchers have indicated two 
peaks of tick activity per annum in areas other than the North York Moors and the Quantock 
Hills (eg. Milne 1944; Gray 1985) data collected in this study from the Quantocks suggest that 
in 1991 and 1992, at least, only one peak of activity is apparent. There is .a slight suggestion of 
an autumn peak of activity on the North York Moors but data is available for only one season. 
The diapause theory of tick activity suggests that immature and adult ticks enter a stage of 
suspended development during the winter months. It was not possible to continue regular 
blanket dragging through the winter on the sites under investigation for this project, but some 
sites were blanket dragged on a number of occasions through the winter of 1993 to establish 
whether any questing ticks were present on any of the vegetation communities, and if so 
whether both immature or adult ticks were found. 
Bracken, heather and Vaccinium sites were dragged on the North York Moors on the same date 
on three separate occasions through January and February of 1993, a total of 90 drags in all. 
No ticks (either immature or adult) were found on any occasion. 
Similar sampling was carried out on the Quantock Hills (10 drags I site I date), and the numbers 
of ticks collected are recorded in Table 5.10. A small number of ad hoc blanket drags were 
carried out in bracken areas on Dartmoor in the same period. Some larval ticks were found, 
and nymphal ticks were collected on each occasion. The author observed that questing ticks 
were collected in bright sunshine even when frost was lying on the ground. 
Heather sites were also sampled, but no ticks were collected on heather at any date. Although no 
larval ticks were collected during any sampling occasions on the Quantucks, a small number uf 
larvae were collected on Dartmoor in January 1993. 
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Table 5.10 Ticks collected on the Quantocks -Winter 1993. 
(fotals for each date) 
Date 
8.1.93 
16.3.93 
12.1.93 
2.2.93 
8.3.93 
12.1.93 
2.2.93 
26.2.93 
18.1.93 
18.2.93 
20.4.93 
8.1.93 
15.3.93 
Halsway ticks, winter 1993 (bracken site) 
Larvae Nymphs Adults 
0 4 0 
0 69 
Aisholt I ticks, winter 1993 (bracken site) 
0 0 0 
0 2 
0 6 0 
Aisholt 11 ticks, winter 1993 (bracken site) 
0 0 0 
0 8 
0 37 0 
Cothelstone ticks, winter 1993 (bracken site) 
0 
0 
32 
0 
24 
293 
0 
2 
10 
Thomcombe ticks, winter 1993 (Vaccinium site) 
0 
0 
3 
68 2 
Wills Neck ticks, winter 1993 (Vaccinium site) 
24.1.93 0 
9.3.93 0 15 
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Analysis of numbers of male and female ticks over the two year period on different vegetation 
communities is shown in Table 5. 11. 
Table 5. 11 Ratio of male to female ticks on different vegetation communities on the 
Quantock Hills and the North York Moors 1991 - 1992. 
Quantocks North York Moors 
Male : Female Male : Female 
Bracken 1.83 2.00 
Vaccinium 1.85 2.40 
Heather 0.71 0.80 
On bracken dominated communities on the experimental sites on the Quantocks the ratio of 
male to female adult ticks was 1.83 : 1, and on the North York Moors the ratio was 2 : l. 
On Vaccinium dominated communities on the Quantocks sites the ratio was slightly higher at 
1.85 : i, while on the North York Moors it was even higher at 2.4 : l. On heather dominated 
communities on both areas, however, the ratio was reversed and more female than male ticks 
were collected on these sites. 
5. 9 Microclimate results 
Air and vegetation temperatures were recorded (see Section 5.7.3) while carrying out tick 
collections on both the Quantock Hills and the North York Moors through the summer months 
of 1992. Ten values were recorded on each site on each date and the mean of these values is 
shown in Figures 5.5 and 5.6. Confidence intervals were small and are not illustrated in these 
figures. The values illustrated for both moorland areas indicate the range which may be 
expected through these months. lt is interesting to note that little difference was recorded 
between air temperatures and those recorded within vegetation on either site, and no 
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Figure 5.7 
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statistically significant difference was found on analysis. Two dates when average vegetation 
temperatures reached over 30 °C were recorded on the Quantocks, with corresponding air 
temperatures of 28.04°C and 29.43° C. The highest vegetation temperatures recorded on the 
North York Moors were 27.49°C and 27.23°C, with corresponding air temperatures of 27.44•c 
and 26.87"C. 
Values for relative humidity showed statistically significant differences between air and 
vegetation values on every site (almost all at p < 0.001), but no statistically significant 
differences were found between heather dominated, bracken dominated and Vaccinium 
dominated sites for these values. Figures 5.7 and 5.8 illustrate the ranges on both moorland 
areas, and also point to the relatively low values recorded on occasion. On two dates mean 
values between 49% and 50% were recorded· in vegetation on the North York Moors. Even 
lower values were recorded on the Quantocks, 38.79% in bracken dominated vegetation on 25th 
June 1992 being the lowest, although several mean values between 40% and 50% were 
recorded. 
5.10 Categorisation of vegetation (see Section 5.7.3). Cover results for July 1991 
Aggregated mean percentage cover values I m2 of the dominant species for each geographical 
area are shown in Figure 5.9. Heather sites on the Quantock Hills recorded similar cover values 
to heather sites on the North York Moors, as did Vaccinium and bracken sites. Single factor 
analysis of variance carried out on arcsine transformations of percentage cover data showed no 
statistically significant differences in cover values of the dominant species between sites on the 
Quantock Hills and those on the North York Moors (see Table 5.12). 
Table 5.12 Variance ratios for ANOVA of percentage cover for dominant species 
on Quantocks & N.Y .Moors (arcsine transformation) 
OF F p 
Heather sites 1 0.149 0.702 (n.s.) 
Vaccinium sites 0.712 0.406 (n.s.) 
Bracken sites 1 0.095 0.761 (n.s.) 
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Figure 5.9 % cover of dominant species aggregated for 
bio-geographical regions 
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Figure 5.10 Groundlayer vegetation cover on the 
Quantock Hills and the North York Moors. 
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Figure 5.10 illustrates percentage cover of litter, grasses and other ground cover species on the 
experimental sites. A greater diversity was recorded on the South Western sites than on the 
North York Moors, although the overall level of other ground cover species under each of the 
dominant species was extremely low. Cover values for grasses showed a much higher level 
under Vaccinium on both areas than under either heathers or bracken, and was similar on the 
tWo regions. Grass cover was higher under heather on the Quantock Hills sites than under those 
on the North York Moors. Cover values of grasses under bracken were reversed, being greater 
on the North York Moors than on the Quantoek Hills. Different grass species were involved, 
although the dominant genera, namely Agrostis, Festuca and Deschampsia were common to 
both areas. Litter cover under bracken was consistent for both areas, although values under 
both heathers and Vaccinium were lower on the Quantock Hills than on the North York Moors. 
5. 11 Small mammal trapping 
During February 1993 two seperate trapping sessions were undertaken, one week involving 4 
sites on Aisholt Common, Quantock Hills, and the second week invol\'ing 4 sites on Lydeard 
Hill, Quantock Hills. Table 5.13 details the trapping results. 
Table 5.13 Total small mammals caught on the Quantock Hills February 1993 
Aisholt Common Lydeard Hill 
Call una Vaccinium Sprayed Control Vaccinium Cut Sprayed Control 
bracken bracken bracken bracken bracken 
WM 2 0 2 2 
FV 0 0 0 0 0 0 
PS 0 0 0 0 0 0 0 
Key: WM Woodmouse (Apodemus sylvaticus) 
FV Field Vole (Microtus agrestis) 
PS Pygmy Shrew (Sorex minutus) 
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A total of 12 trapping events occurred during 7 nights trapping (80 traps) on Aisholt Common. 
These involved 5 individual animals, the recapture rate being 240%. On Lydeard Hill 8 
individual animals were involved in 20 trapping events giving a recapture rate of 2.50%. 
A further trapping session was organised on the same sites for early July 1993. Unfortunately 
the traps were vandalised and the trapping programn:te had to be abandoned. The Quantock 
Hills is a popular area for leisure activities, and serves the local large towns as a recreational 
area. At the height of the summer a large number of visitors arrive on the Hills every day, and it 
was considered unwise to proceed with the trapping programme. 
5. 12 Discussion 
The mean tick numbers per drag and statistical analysis presented in Tables 5.2, 5.3 and Section 
5.8.2 are the results of a two year sampling programme on the North York Moors and the 
Quantock Hills. This represents the first documented survey of tick densities on the Quantock 
Hills known to the author. From the data collected over 1991 and 1992, tick populations on the 
Quantocks appear to exhibit one major annual peak of activity in early summer. Large numbers 
of ticks were collected on some sampling occasions, particularly larval and nymphal ticks on 
Vaccinium dominated and bracken dominated sites (see Tables 5.5 and 5.6 for individual site 
results and Table 5.3 for aggregated data). Adult tick numbers were similar on bracken 
dominated, Vaccinium dominated and heather dominated sites (see also Table 5.7). Although 
the relative density results are similar to those for the sites investigated on the North York Moors 
in this study (see Table 5.3), there are a number of differences between the two regions, one 
such being the apparently earlier date of peak tick activity on the Quantocks. 
The present study was designed to provide comparative data over a large number of sites. 
However, weekly (or more frequent) blanket drags in a future study would pinpoint dates of 
peak tick activity more precisely for each biogeographical area. A five year study (for example) 
would also determine any annual variation in peak activity dates between sites and within 
vegetation communities. 
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The similarity of tick densities on specific vegetation communities (heather, bracken and 
Vaccinium) in different biogeographical areas is suggested by the results presented on the 
North York Moors and the Quantocks. These results also point to the low densities of larval and 
nymphal ticks on h'eather sites in both areas. The differences between numbers on heather and 
on other vegetation communities are statistically significant but the biological implications must 
be critically evaluated. The assumption was made at the start of the project that all ticks were 
equally available for sampling, but the efficiency of sampli.ng by blanket dragging on heather 
relative to its efficiency on bracken or Vaccinium requires further evaluation. Some check 
could be made on heather sites by attempting larval and nymphal tick collection using other 
sampling methods such as dry ice traps, or bait rabbits (Gray 1985) compared with blanket 
drags, providing the procedures comply with the Animals Scientific Procedures (Act) 1986. 
However a lengthy study is required to compare tick densities from different sampling methods 
since there is wide within-site variability (see Tables 5.5 - 5.9 ) for any one method, and also 
across-site variability for different methods (Falco and Fish 1992). This was not possible within 
the constraints of this project. A study of relative densities using different sampling methods for 
different vegetation communities cannot be recommended, but the approach might produce 
useful comparative results when used within oue vegetation community. 
It is interesting to note that the Quantocks appear to exhibit only one peak of tick activity 
through the season, while there is a suggestion of a smaller autumn peak on· the North York 
Moors. A number of studies have suggested that some sites in the U.K. exhibit an early spring 
peak and also a later summer peak (Gray 1985; Milne 1944), while others have shown only one 
peak of activity, ranging from April/ r..·lay to July (tvlilnc 1944). Various theories on differences 
in seasonal activity on different sites have been advanced (Milne 1944). The 'two brood' 
theory (Wheeler 1899), diapause theory, temperature control theol')' and different physiological 
races. Milne (1944) suggests that all these may contribute something to the truth together with 
temperature and humidity in the microclimate. Although this issue has not yet been resolved it 
is essential to know the seasonal activity of ticks on any site where control measures for ticks are 
proposed. It is virtually impossible to permanently eradicate ticks from a particular area, so tick 
control measures should be designed on the basis of information on tick activity patterns 
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assuming that control measures will be most effective and last longer if implemented at the 
correct time. Since annual climatic patterns can vary considerably within regions, it is important 
to establish as narrow a window as possible within which control measures will be most effective 
and further studies of tick activity, with more frequent sampling, in both areas would help to 
establish this in the two regions concerned in this study. The data presented in this study has 
pointed to differences in peak activity patterns between differe~t biogeographical regions, 
emphasising the importance of assessing tick activity on a site specific basis when considering 
control measures. 
Immature and adult ticks have been collected on the Quantocks and on Dartmoor during the 
winter months of 1993, while blanket dragging on the North York Moors had negative results. 
This may be an artefact of sampling, and there may well be questing ticks active in the north of 
the U.K. in the winter, further sampling could establish this. In the South West some numbers of 
ticks, particularly nymphs, were collected. This has serious risk implications as far as Lyme 
disease is concerned. Nymphal ticks in particular are thought to carry the greatest threat of 
Lyme disease to people, and it is evident from the data presented that questing ticks are active 
on moorland areas in the South West in the winter, and current ideas on diapause do not apply 
universally. 
Sampling tall bracken produced problems in late summer in this study, and in fact dragging was 
abandoned on a number of sites through the late summer months since the blanket rode over 
the top of the bracken, and the risk to field assistants walking through tick infested bracken was 
not acceptable. While this presumably reduced the total number of ticks collected on a bracken 
site, it also reduced the number of drags carried out (compared to other sites) and it was 
assumed that the final mean tick numbers per drag per site per annum were not substantially 
altered. 
The results illustrated in Figure 5.4 suggest that the low tick numbers on heather sites can occur 
irrespective of vertebrate host populations, since the same large vertebrates (sheep and deer) run 
on the adjacent sites illustrated in these figures. It is possible that these vertebrates may not 
84 
spend much time on heather sites at a time of year when tick numbers are at a peak. This means 
that few ticks would have the opportunity to obtain a blood meal, or to be deposited after their 
meal, thus providing a population of questing ticks after moulting has taken place. Sheep and 
cattle will graze on heather in moorland areas when other preferred \'egetation is in short 
supply, mainly outside the growing season (Grant et a/ 1987). This will also be outside the 
season when tick densities are high. Milne and Grant {1977) observed that where areas of 
Calluna were associated with adjacent areas of grass then the proportion of Cal/una in the diets 
of sheep was inversely related to the quantity of a\'ailable grass. During the spring and summer 
periods of the year, when tick numbers are high, there will be grass available for grazing on 
these moorland areas, particularly on the Quantock Hills where stocking rates are generally low. 
It is unlikely that sheep and cattle, or deer would graze heather areas in the spring and summer 
months when grass is freely available, and this will ine\'itably reduce the probability of large 
animals dropping engorged adult female ticks on heather areas, and of course reduce the 
possibility of large numbers of clusters of larvae emerging at a later date. Engorged lar\'al ticks 
which have fed on large vertebrates would also be reduced in number on heather sites for the 
same reason (so reducing nymphal numbers in the following year), although larval ticks are 
more likely to engorge on small mammals. 
A population of small mammals (woodmice for example) using heather areas could be 
responsible for dropping engorged nymphal ticks since they are most likely to be host to the 
immature stages of the tick. The woodmouse is sometimes seen in heather (Corke 1974) but 
Corke suggests that it has a preference for habitats with bracken and bramble. Results from 
small mammal trapping on sites on the Quantocks were indeterminate, very few animals were 
caught in the winter of 1993 although woodmice were the most numerous, and the catches 
appeared to be e\'enly "distributed between vegetation communities. A trapping programme 
started in 1994 on Dartmoor, suggests that roughly 40% of small mammals are caught in 
bracken, 40% in woodland, 10% on heather and 10% on grass (pers.comm. R.W.Brown and 
C.Munn 1995). 
Table 5.11 shows the ratio of male to female ticks on the different vegetation communities. The 
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male adult ticks outnumber the female adults on both bracken and Vaccinium sites. while on 
heather sites the reverse is demonstrated. This suggests that on the heather sites adult females 
have been unable to find animal hosts as readily as on bracken and Vaccinium sites, and this 
could well be some confirmation that fewer animal hosts actually frequent heather areas when 
ticks are questing. Although fertilisation may take place in vegetation, without the blood meal 
from a vertebrate host the next stage in development (eggs and then larvae) cannot take place. 
Microclimate data illustrate the range of both air and vegetation temperature and relative 
humidity found on these sites. Some of the values for relative humidity were considerably lower 
than expected on sites where large number of ticks (which are susceptible to dessication) are to 
be found. Possibly ticks reabsorb water at night to compensate for losses during the day, or may 
retreat to niches in or below ground in adverse conditions for at least part of the time. Exact 
. . 
data for tick habitats has proved impossible to collect, since the ticks themselves are virtually 
impossible to find. 
Results also show levels of tick densities on Vaccinium dominated areas which are at least as 
high as those found on the bracken areas and in some cases even higher. As far as the author 
knows this has not previously been reported. Vaccinium herbage provides an alternative food 
source which is palatable to both farm livestock and to wild species such as small mammals, 
rabbits and deer, and grazing of Vaccinium dominated areas by farmed and wild species would 
help to ensure that engorged ticks were deposited on these areas. Vaccinium has been shown to 
be positively associated with bracken communities (North York Moors National Park 1986 ) 
and has appeared to expand into bracken areas. through its underground rhi1..0me system, in 
spring before bracken frond emergence. Increases in Vaccinium cover have occurred in areas 
where bracken control by chemical spray has taken place (North York Moors National Park 
1986). and extension of tick populations on these areas of Vaccinium could influence 
management planning and strategies for these regions. 
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5.13 Summary 
New data on tick densities and tick populatious, particularly in the South West of the U.K., has 
been generated as a result of this study, and establishes a base line against which future, more 
detailed studies may be carried out. 
Tick densities on the three vegetation communities under investigation differ relative to.each 
other and there are a number of possible interpretations. Some characteristic of heather sites 
may govern the differences which are displayed in this study. Ticks dessicate readily and 
therefore some difference in the microclimate between heather and other vegetation 
communities may be responsible. Temperature and relative humidity data for air and vegetation 
on the sites studied in this project did not offer a sufficient degree of difference to warrant more 
concentrated investigation. Microclimate factors at tick niche level would provide additional 
data on all vegetation communities but this is almost impossible to obtain. 
The implications of grazing on heather by large mammals suggest that ticks will not be attracted 
for a blood meal or dropped off on heather sites at times of peak tick activity since large 
mammals will only graze heather in the absence of preferred species such as grass. Also studies 
on small mammals suggest that heather is not a preferred habitat for these species. Since 
Apodemus sylvaticus in particular has been implicated as a reservoir for the Lyme disease 
spirochaete, as well as host for immature ticks, it may be that there is less risk of tick bites for 
humans on heather sites, although heather stands do not offer the most comfortable walking 
conditions. Birds may be found on heather (grouse for example), and may well drop engorged 
nymphs on a site and thus contribute to the adult tick population at a later date. 
Sampling heather dominant sites by blanket dragging may result in lower tick numbers from 
this type of vegetation, and a further comparative study on tick sampling methods on heather 
could result in new data. However, the reversal of ratios of male to female adult ticks on heather 
sites compared with bracken and Vaccinium suggests that the sampling method is efficient at 
least for adult ticks. 
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The fact that questing ticks are active on South Western moorlands during the winter months 
needs emphasis since the risk of tick bite and Lyme disease has been suggested as purely a 
summer occurence. Obviously the risk increases as the density (of infected ticks) increases, but 
one bite is sufficient to transfer disease. 
Bracken covers wide areas of moorlands, while Vaccinium is the preferred species in some 
moorland areas for regeneration after bracken control. Attention is drawn to the high levels of 
tick densities on Vaccinium dominant and bracken dominant communities in the sites under 
investigation. 
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CHAPTER6 
THE POTENTIAL FOR TICK CONTROL BY VEGETATION MANAGEMENT 
Limited resources dictated that this stage of the investigation should be carried out on the 
Quantock Hills only; the cost of monitoring additional sites on the North York Moors would 
have been prohibitive. The choice between management intervention on heather, Vaccinium or 
bracken dominated communities was therefore restricted to the Quantocks. 
6. I Choice of vegetation community 
Heather 
Traditionally, heather moorland has been managed by burning on a 15 to 25 year cycle 
forming a mosaic of different aged areas of heather on a specific moor. Although 'swaling' 
(burning) has now been reintroduced into the management of heather on the Quantocks, the 
full cycle is nowhere near established, and the necessary comparisons of tick numbers over time 
on different aged heather areas would not have been possible. In addition the low densities of 
immature ticks (particularly nymphal ticks - since these are likely to be most infective) found 
on heather sites (see Chapter 5) suggested that heather dominated vegetation was not a top 
_priority for intervention. 
Vaccinium 
Vaccinium myrtillus is grazed and utilised for cover by a number of herbivorous mammals, 
such as cattle, mountain hares, rabbits, red deer and sheep, and also by game birds (Welch et al 
1994). However, traditional 'management' of stands of Vaccinium seems to have been one of 
non-intervention, certainly Vaccinium on the Quantock Hills has not seen any active 
management. Since no history of heavy infestations by ticks on Vaccinium in the U.K. has been 
recorded, the population characteristics of ticks on this shrub needed to be established initially. 
Also any manipulation of Vaccinium stands would have been totally experimental, and not 
related to any standard agricultural practice. 
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Bracken 
Interest had been shown in bracken control on the Quantock Hills by those organisations 
involved in land management on the Hills. Bracken spread has become an increasing problem 
on the Quantocks, particularly the problem of bracken encroachment into areas of valuable 
heather moorland and western heath (Agrostis curtisii, Calluna vulgaris and Ulex gallii). An 
associated land management problem in this region has been that of undergrazing. Increasing 
traffic volume and speed allied to lack of fencing, and greater leisure use of the Hills 
(particularly by walkers with dogs) had discouraged commoners from exercising their grazing 
rights with a subsequent fall in the numbers of stock grazing the Hills. In recent years the herd 
of Quantock ponies had been reduced to a handful, and the numbers of sheep and particularly, 
numbers of cattle grazing the Hills had been greatly reduced. Grazing was limited still further 
by the increase in bracken consequent on the reduction in treading (one method of bracken 
control). The association of bracken with large tick populations could be an added incentive 
for bracken control within a moorland management programme. 
The chemical asulam (Asulox, Rhone Poulenc Agriculture Ltd. Ongar) is a herbicide which will 
significantly reduce bracken frond cover and has Ministry of Agriculture clearance for aerial 
application. (Large areas of steep and rocky hillside in moorland areas are covered in bracken 
and arc inaccessible for tractor mounted application of herbicides.) 
The intervention programme was designed to cover bracken control and the monitoring of tick 
densities on a number of bracken sites on the Quantocks. This programme included sites which 
had been sprayed with asulam, sites where bracken had been cut regularly, and one site where 
an accidental burn had taken place in the first year of the project (1991). The application of 
asulam herbicide to some bracken areas was scheduled for the second summer of the project 
(1992) and before Stage I had been completed. Rhone Poulenc Agriculture Limited kindly 
donated sufficient asulam to spray 10 acres (4.4 ha) of bracken, and in agreement with the 
Quantocks Management three separate sites were chosen "for a pilot project using chemical 
control of bracken on the Hills. 
90 
6. 2 Site selection. 
Three sites covering 10 acres (4.4 ha) on the Quantock Hills were selected and agreed with the 
Quantock Hills Management Group and English Nature for spraying with asulam for bracken 
control. One site was on Lydeard Hill, one on Cothelstone Hill and the third on Aisholt 
Common. Bracken sites on Lydeard Hill and Cothelstone ·which had been regularly cut were 
also included, as was one bracken site on Cothelstone which had suffered an accidental bum in 
1991. The site at Aisholt, which had been monitored for ticks in 1991 and 1992, was divided 
and one half was designated for spraying and the other was designated as a control site. Control 
sites, which also received no treatment, were selected on Lydeard Hill and Cothelstone. All sites 
were checked for the presence of ticks before final selection. 
Sites selected are listed below. Site references 
Site I. Aisholt I Half site sprayed Grid reference 180363 
Half site - control 180363 
Site 2. Lydcard Hill Spray 182342 
Cut 182342 
Control 182343 
Site 3. Cothelstone Spray 193325 
Cut 193325 
Control 194325 
Burnt 196330 
These bracken sites were studied through 1993 and 1994 to investigate the effects of 
intervention on tick numbers, and also on bracken frond and rhizome reaction on each site. 
The removal of bracken cover from a given area inevitably causes substantial structural change 
in the vegetation community. The success of intervention techniques on bracken stands depends 
not only on the initial removal of frond cover on the site, but also on the long term control of 
the bracken plant in total, particularly the rhizome system. It is essential to examine the effects 
91 
of intervention over a period of time and to assess the need for any after care such as spot 
spraying of remaining bracken or regeneration strategies for other species such as heather. 
The long term success of bracken management as a technique for controlling sheep ticks in 
certain moorland areas will depend upon the long term success of particular intervention 
techniques for controlling the bracken plant, and will _also depend upon the acceptibility of 
those techniques in terms of their social, financial and landscape implications. It was therefore 
considered essential that the effects of bracken control on the bracken plant (frond and rhizome 
systems) should be investigated alongside the study of the control of tick densities on these 
sites. If control of the above ground bracken frond stand succeeded in reducing sheep tick 
densities then the practical implications for land managers of specific techniques for controlling 
the bracken plant would need to be made clear. Sampling was therefore regularly carried out on 
both bracken frond and rhizome systems, and measurements regularly recorded of density, 
height and dried weight of bracken frond samples, and live bud numbers and dried weight of 
bracken rhizome samples. 
6.3 Intervention methods. 
6.3. I Chemical control 
The three sites for chemical control of bracken were sprayed with asulam on 7th July 1992. A 
contractor was employed to carT)' out the operation, using a tractor mounted boom sprayer with 
a 9m boom. Application rate of the chemical was It litres/ha in 400 litres/ha of water. The 
boom height of the sprayer was adjusted to give uniform coverage at the top of the bracken 
fronds. No surfactant was added as it was not considered necessary under the conditions at the 
time. (Additives can increase the rate of uptake of the chemical by the bracken fronds under 
adverse climatic conditions.) Weather conditions were excellent, the day was dry and bright with 
virtually no breeze. Bracken fronds were fully expanded being still soft and bright green. 
Rhone Poulenc recommend that bracken should not be cut, or stock admitted to sprayed areas 
92 
for at least 14 days after spraying, and it should preferably be left undisturbed until late autumn 
to allow adequate translocation of the chemical within the plant. These directions were adhered 
to on all three sprayed sites. Asulam acts on the developing buds on the bracken rhizome 
(below ground), destroying the meristem activity of buds which would develop into active 
fronds in the following season. 
One disadvantage in determining the effectiveness of asufam application to bracken is that, 
although a slight yellowing of the tips of the frond may occur after spraying, the frond senesces 
in the normal way. The result of the application is therefore not known until the following 
season when the presence or absence of new fronds on the site can be assessed. 
6.3.2 Cutting. 
The three cut bracken sites had been regularly cut twice a year, once in June and again m 
August, beginning in 1990. This cutting regime was continued each year and was monitored 
during 1993 and 1994. 
In contrast to the bracken spraying operation, none of these operations was under the control of 
the author. However mowing was carried out regularly on all three sites, and careful scrutiny of 
the actual operations showed that the practical work was carried out to an acceptable level for 
the investigation. 
Bracken was cut to within 2-3 inches of ground level on each occasion, and the cut material was 
left lying on the surface. There was an extensive ground cover of grasses on all three sites, 
which inevitably were cut to the same height when mowing took place. One of the cut sites was 
regularly grazed by sheep, while both the other two sites (actually sited close to one another on 
the same enclosed bill) were grazed by a small number of ponies. 
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6.3.3 Burning. 
The burnt site had suffered an accidental bum in May 1991, and although further bums on this 
site were not planned (or carried out), it was decided to monitor the site to assess the effect of 
burning both as a fonn of tick control and to assess the effect of the bum on the vegetation. 
6.4 Sampling methods. 
6.4.1 Tick sampling. 
Sampling for ticks and vegetation was carried out using the sampling plan set out in Section 
5.5. Ticks were collected by blanket dragging (see Sections 5.7.1 and 5.7.2). Tick sampling on 
each site consisted of 10 blanket drags/site (a I m2 blanket dragged over 30 metres constituted 
one drag as in Section 5.7.2). The catch of ticks was processed as in Section 5.7.2. 
6.4.2 Bracken sampling. 
6.4.2.1 Frond sampling 
Although, until recently, most assessments of the efficacy of bracken control measures have 
relied upon measurement~ of frond characteristics, sampling methods reported in the literature 
arc far from standard. Numbers of samples per plot, size of quadrats, and methods of 
measurement of specific frond characteristics have all shown notable differences (Lowday 
1986; Winfield 1988; Palmer 1988; Turner et a/ 1988; Marrs 1987). The frond sampling plan 
described below was applied as standard to all intervention and control sites. It was designed to 
collect data covering three separate measures which could be used to investigate the effects of 
intervention measures on the frond stands on bracken areas. It bad the added advantage of 
fitting neatly into the sampling plan adopted in Stage I (see Section 5.5). 
Using a 50 cm x 50 cm quadrat, three separate measurements were recorded from 10 quadrats 
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on each site :-
(i) Frond density - All the fronds in each sample quadrat were pulled, counted and 
expressed as fronds per square metre. 
(ii) Average frond length - 10 fronds from each quadrat were selected at random, 
measured from base of pulled frond to tip of the topmost pinnae, and recorded. · 
(iii) Biomass - Fresh fronds from quadrats were bagged and weighed in the field, then 
transported to the laboratory, dried at 80 C for 72 hours and the dried weight 
ascertained. 
6.4.2.2 Rhizome sampling 
Most early studies investigating the effects of asulam on bracken concentrated their 
quantification on the effects on the fronds in the ycar(s) after spraying had taken place, while 
rhizome sampling and examination was not accorded the same importance (Vecrasekaran et a/ 
1978; Lowday and Marrs 1983; Lowday 1986; Marrs, Pakcman and Lowday 1993). Since 
asulam acts by destroying meristem activity in the developing buds of the rhizome, it" is critical 
to the understanding and implementation of effective management programmes that the effects 
over time on the rhizome itself arc measured. 
Rhizome sample size. 
Rhizome sampling is a labour intensive operation, and therefore the smallest sample si7..c 
possible within the acceptable limits of variability was sought. A pilot sampling operation was 
carried out on an area on the Quantocks not being monitored under either Stage I or Stage ll. 
10 points were randomly selected and a I m2 pit was excavated at each point. Sampling was 
carried out by first excavating a 20 cm x 20 cm pit at the centre of the I m2 quad rat to a depth 
of 30 cm. Bracken rhizomes were recovered and bagged and labelled separately. The remainder. 
of the quadrat was then excavated to the same depth and bracken rhizomes recovered and 
bagged. 
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In the laboratory rhizomes were washed to remove excess soil, air dried for 24 hours, oven dried 
at 80 C for 72 hours and the dry weight determined. For the initial sampling only, weights were 
checked every 24 hours in order to measure weight loss over time. Results after 24 hours and 
48 hours showed continuing and variable weight loss between rhizome tissue samples. From 48 
to 72 hours the weight loss and variability of weight loss between samples was negligible. 
Dried weights from the 20 cm x 20 cm pits were extrapolated and reported as per square metre . 
These results were then compared with the total weights of rhizome (including the central pit) 
removed from the I m2 quadrats. Statistical analysis (t-test) showed no significant difference 
between the two samples. On the basis of this evidence all further sampling was based on 20 cm 
x 20 cm pits. 
Sampling and recording. 
Using the sampling plan described in Section 5.5, 10 rhizome samples were collected from 20 
cm x 20 cm pits from each of the intervention sites (including control sites) on a regular basis. 
Rhizomes were washed to remove extraneous soil and air dried overnight. Buds have 
traditionally been recorded as a) active and b) dormant, however it was decided that purely 
visual examination of buds could lead to inappropriate classification since it is not clear at what 
point an individual bud develops from the dormant to the active stale. Buds were therefore 
classed as 'live' if live tissue was apparent when the bud was scraped to remove the outer 
covering. Live buds were counted for each site before rhizomes were oven dried at 80 C for 72 
hours, and the dry weight determined. Dead buds were not recorded as it was not possible to 
decide in which year bud death had occurred. 
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6.5 Results 
6.5.1 Bracken frond results 
A baseline survey of frond densities, frond heights and standing crop on sites on Aisholt 
Common, Cothelstonc Common and Lydeard Hill was carried out in July 1992, before sites 
were sprayed. No cut sites were included in the survey since the intervention (cutting) had been 
carried out each year on these sites since 1990. The Aisholt site was sampled once for this 
survey, and then divided to form the Aisholt control site and the Aisholt spray site (sec Section 
6.3). Table 6.1 lists the mean (n=lO) and standard error for frond densities/m2, frond heights 
(ems) and frond fresh weights (gms) from 50 cm x 50 cm quadrats for this survey. Statistical 
testing has been carried out on all bracken data using the t test on log transformations of the 
base data. 
Table 6.1 Mean frond densities, frond heights and frond fresh weights on intervention and 
control sites on the Quantocks July 1992. 
Frond densities Frond heights Frond fresh weight 
per m2 (ems) (gms _50cm x 50cm) 
Site Mean S.E. Mean S.E. Mean S.E. 
Aisholt Common 32.3 ±2.78 90.50 ±2.55 419.00± 81.22 
Cothclstone control site 17.8 ±2.87 97.28 ±5.19 463.00 ± 103.28 
Cothelsone spray site 19.0 ±0.97 114.74 ±1.19 623.00 ± 105.04 
Cothelstone burnt site 20.4 ±1.93 119.70 ±1.91 724.00 ±I 06.00 
Lydeard control site 22.1 ±1.88 64.88 ±2.33 327.00 ±I 13.79 
Lydeard spray site 14.8 ±1.99 65.62 ±2.20 370.00 ± 86.50 
There was no significant difference between frond density values for the Cothelstone control 
site and the Cothelstone spray site (p = 0.358), or between frond density values for Cothelstone 
control site and Cothelstone burnt site (p = 0.308) in 1992. There was however a significant 
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difference between Lydeard control site and Lydeard spray site (p = 0.013) with mean frond 
density values of 22.1 and 14.8 respectively. This could have been due to a true difference in 
frond density between the two sites, although only 10 samples were taken. Holloway (1994) 
suggested that at least 30 samples per site were required to characterise particular sites in his 
study of the North York Moors. However, bracken sampling is labour intensive and therefore 
expensive, and number of samples per site must be balanced against the number of sites 
required to ensure feasibility of the whole project. Also, when destructive sampling is· carried 
out over a number of years, too many samples per annum can reduce the randomness of 
sampling over time, since less area is available for sampling in each succeeding year. A 
comparison of mean frond densities for 1992 across commons showed no significant difference 
(using log transformations) between values for Cothelstone Common control site and Lydeard 
Hill control site (p = 0.209), although there was a significant difference between Cothelstone 
and Aisholt (p ~ 0.038) and also between Aisholt and Lydeard (p = 0.009). 
Values for mean frond heights for 1992 showed no significant difference between Lydeard 
control site and Lydeard spray site (p = 0.827). Cothelstone control site with a mean of 97.28 
ems is significantly different from both the spray (mean= 114.74 ems) and the burnt site (mean 
119.7 ems) on Cothelstone (p = 0.011, and p = 0.006 respectively). The difference between 
burnt and control sites may well be due to the accidental bum on the former site in 1991, since 
burning tends to cause the bracken plant to react with more vigorous growth (Br0wn 1992, pers. 
comm.). 
Fronds were pulled in the field to ensure that the entire length of the stipe was included. Fresh 
weight values shown in Table 6.1 relate to total weights (gms) of fronds pulled from 50 cm x 50 
cm quadrats, and weighed on site using a spring balance weighing to 1000 gms. There were no 
significant differences in frond fresh weights between any of the control sites and their related 
spray sites in 1992, Lydeard control and Lydeard spray (p = 0.511 ), Cothelstone control and 
Cothelstone spray (p = 0.373), and only I value was available for Aisholt in 1992. There was no 
significant difference between values from Cothelstone control and burnt sites, and neither was 
there any difference between values on the three control sites on different commons. 
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Tables showing mean frond density values, mean frond heights and mean frond dried weights 
on Quantock intervention and control sites from 1992 to 1994 can be found in Appendix 4. 
Figures 6.1, 6.2 and 6.3 illustrate the mean frond densities, with confidence limits, for the three 
main investigational areas. Figure 6.1 displays data for Lydeard Hill. Data for 1993 was not 
available as the site was inadvertently cut by the owner before it was possible to record values 
for that year. The small difference in mean frond density. values between the control and the 
spray site shown in 1992 (p = 0.013) of course became more pronounced in 1994 (p = 0.001) 
displaying the effect of the herbicide on frond densities. The cut site on Lydeard Hill did not 
display mean frond density values significantly different from the control site in 1994 (p = 
0.452). 
Figure 6.2 includes values for the burnt site on Cothelstone Hill. In 1993 there was a significant 
difference (p = 0.02) between the mean frond density values for the burnt site and those for the 
control site on Cothelstone, although this was not continued through to 1994. There was a 
considerable difference (p < 0.000) between control site mean frond density values and spray 
site mean frond density values in both 1993 and 1994. Values on the two cut sites in 1993 were 
not significantly different from the control site (p = 0.358 for cut site I, and p = 0.264 for cut 
site 2). In 1994 cut site 2 showed a significant difference (p = 0.011) from the control site in 
that year, although cut site I did not. Confidence limits shown in Figures 6.1·- 6.3 illustrate the 
wide variability of values within sites, which is particularly pronounced on the cut sites. 
Figure 6.3 illustrates the mean frond density values for both the control and spray sites on 
Aisholt Common. The very small mean values on the spray site in both 1993 and 1994 show 
substantial differences (p < 0.000) in both years from those on the control site. There is no cut 
site on this common. Mean values recorded were greater on all control sites in both 1993 and 
1994 than those values recorded on control sites in 1992, and confidence limits on some sites 
widened also. Differences in weather conditions from year to year at particular growth periods 
could affect these values, differences in field personnel from year to year will also contribute to 
the variability. 
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Figure 6.3 Mean frond densities on intervention and control sites on Aisholt Common, Quantocks. 1992- 1994. 
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Figures 6 .4--6.6 illustrate mean frond heights (including confidence limits) on the three main 
common areas from 1992-1994. Mean frond height·vatues and standard errors for these sites 
can be found in Appendix 4. On each site 100 values were recorded. No data was available for 
Lydeard Hill in 1993 as this common had been cut before sampling could take place, and 
similarly no <lata is available for the cut sites on Cothelstone in 1994 for the same reason. 
Figure 6.4 illustrates the mean frond heights on the intervention and control sites on Lydeard 
Hill in 1992 and 1994. There were significant differences between the control site values and 
both the spray and the cut sites (p < 0.000 in both cases), although spray and cut sites did not 
show any significant difference (p = 0.068). 
Values for mean frond height for the spray site on Cothelstone in 1993 and 1994 (Figure 6.5) 
show a substantial reduction from 1992 (p < 0.000 in 1993 and p = 0.015 in 1994). These 
values taken together with the decrease in frond density on the spray site in 1993 and 1994 
demonstrate the effect of asulam on bracken frond production in the years immediately 
subsequent to spraying. It is interesting that already by 1994 (two years after spraying had 
taken place) those fronds which had emerged were growing to a slightly greater height on 
Cothelstone spray site than in 1993. Mean frond height values for both the cut sites on 
Cothelstone in 1993 were significantly lower than the control site values (p < 0.000 in both 
.cases), but were not significantly different from one another. Burnt and control sites returned 
significantly different values in both years (p < 0.000), although in 1993 the mean of the 
control site values ( 161.1 ems) was larger than that on the burnt site ( 139.7 ems), while in 1994 
the mean on the burnt site was largest (127.9 ems), while the control value was 95.81 ems. 
Figure 6.6 shows mean frond height values for intervention and control sites on Aisholt 
Common for 1992-1994. For both 1993 and 1994 there was a significant difference between 
values for the control site and those for the spray site (p < 0.000 in 1993 and p = 0.003 in 
1994). 
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Data on frond heights in 1994 on the control sites on the Quantock commons was analysed for 
frequency of height categories (see Figure 6.7). On Aisbolt Common and Cothelstone Hill si tes 
in particular the author had observed numbers of sho rt fronds which had developed under the 
taller, stiffer fronds. The stipe of some of these shorter fronds was still fleshy, suggesting that 
crozier emergence had occurred at a later date than bad the taller fronds. It is apparent from 
Figure 6.7 that a generous proportion of fronds on both Aisbolt and Cothelstone control si tes 
are short relative to the mean height values. 
Figures 6.8-6.10 illustrate differences between control and intervention site frond dried weight 
values on the three main investigational areas for 1993 and 1994. Data was not avai lable for 
Lydeard Hill in 1993 since this common bad been cut before sampling was carried out, and 
data for the cut sites on Cotbelstone Hill was not available in 1994. Mean frond dried weight 
values and standard errors can be found in Appendix 4. 
Figure 6.8 illustrates the mean frond dried weight data for Lydeard Hill in 1994. A significant 
difference showed between the values for the control and the cut sites on Lydeard (p = 0.001) 
and also between the control and the spray site (p < 0.000). There was no significant difference 
between values for Lydeard control and Cothelstone control in 1994 (p = 0.084), or between 
Lydeard control and Aisbolt control (p = 0. 157). 
Figure 6.9 illustrates mean frond dried weight data for Cothe lstone Hill for both 1993 and 
1994 . T here were significant differences between va lues for the control site on Cothelstone and 
the values for the spray and both the cut sites on th is common in 1993 (p < 0.000 in all cases), 
and between the control and the spray site in 1994. There was no significant difference (p = 
0.067) between the values for the control site and the burnt site in 1993 , or in 1994 (p = 
0.311 ). There was no significant difference between values for Cothelstone control site and 
Aisholt control site in 1993 (p = 0.168), or in 1994 (p = 0.901). 
Frond dried weight data for Aisho lt Common in 1993 and 1994 (Figure 6. 10), show highly 
significant differences between the control and spray sites in both years (p < 0.000). 
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Figure 6.8 Mean dried frond weights (quadrat 50 cm x 50 cm) from intervention and control sites on 
Lydeard Hill, Quantocks. 1994 (Error bars are confidence limits). 
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Figure 6.10 Mean dried weights of fronds (quadrats 50 cm x 50 cm) from Aisholt intervention and control sites, Quantocks. 1993 & 1994 
(Error bars are confidence limits). 
300 
(gms) 
200 
100 
0 
-
1993 
---.-
Aisholt control Aisholt spray 
300 
(gms) 
200 
100 
1994 
I 
0 ~~--------~~------------~~ Aisholt control Aisholt spray 
6.5.1.1 Frond densities across spray boundaries. 
Aisholt Common 1993 - the evidence for an edge effect. 
Frond densities were measured on both the spray and control sites on Aisholt Common in the 
summer of 1993, one year after spraying bad taken place. In addition, sampling was extended 
to areas on both sides of the spray site in order to assess possible boundary effects induced b}• 
the herbicide. Figure 6.lla shows a diagram of the sampling plan, indicating. the spray and 
control sites at the centre of the plan, each 35 metres wide and 100 metres long. Section A I was 
also sampled over a width of 35 metres in order to provide a balancing section for the control 
site (8 1). These three latter areas were sampled using random co-ordinates (see Section 5.5). 
Sections 82 to 86, and A2 to A6 were 10 metres in width, and 10 quadrats (50 cm x 50 cm) 
were sampled at I 0 metre intervals down the 100 metre length (sec 86, Figure 6.11 a). Table 
6.2 lists the mean and standard error for each set of 10 readings achieved by this sampling plan. 
Figure 6.11 b illustrates mean frond densities. 
Table 6.2 Mean frond densities for bracken on Aisholt Common (summer 1993). 
86 85 114 83 82 Control Spn~y A I A2 A3 A4 A5 A6 
!l.·tcan 23.5 13.2 10.9 10.2 I 1.6 39.8 1.3 41.7 29.6 21.4 21.0 18.1 14.2 
± S.E. 2.23 1.46 1.91 1.28 2.63 4.45 0.67 5.80 3.61 3.86 2.88 2.85 2.07 
Sampling sections 8 I and A I, illustrated in Figure 6.11 b, indicate a distinct increase in frond 
density in the areas immediately adjacent to the spray site. The other two sites sprayed on the 
Quantock Hills in 1992 (Cothelstone Hill and Lydeard Hill) were both bounded on all sides by 
tracks, and it was considered inadvisable to sample areas adjoining these two sites for boundary 
spray effects, since hard track effectively formed the immediate boundaries. 
Three further stands of bracken were sprayed with asulam on the Quantock Hills (by the 
landowners concerned) in July 1993, and these were assessed for boundary effects of 
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Figure 6.lla Diagram of frond sampling plan on Aisholt Common (summer 1993) 
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herbicide in the summer of 1994. Ten quadrats, each 50cm x 50 cm, were sampled at 10 metre 
intervals along a LOO metre transect on the spray site, and also along 5 other transects set first at 
10 metres from the spray boundary and 10 metres apart (see Figure 6.12). Figure 6.13 (a, b, 
and c) illustrates the frond densities across the spray boundaries on the three sites. Table 6.3 sets 
out means and standard errors of frond densities on these sites. 
Table 6.3 Mean and standard error of frond densities on three Quantocks sites 1994 
(quadrats 50cm x 50cm) 
Spray A2 A3 A4 AS A6 
Thomcombe I Halsway 
Mean 1.80 7.2 16.1 11.0 9.3 6.1 
S.E. 0.55 0.66 1.46 1.81 1.42 0.69 
Thorncombe Hill 
Mean 3.0 6.9 11.0 7.0 6.7 6.0 
S.E. 0.68 0.53 0.73 0.91 0.56 0.49 
Bicknoller 
!\·lean 3.8 7.0 10.9 133 10.7 8.7 
S.E. 0.84 0.58 1.11 0.90 0.90 0.79 
The results from these sites (sampled in 1994) follow the pattern described for Aisholt Common 
(sampled in 1993) in that an increase in frond densil)• is apparent on, all three sites at a distance 
of between 20m and 30m from the spray boundary. Possible explanations for this occurrence 
could be either a) that asulam has been translocatcd in dilution along rhizomatous tissue from 
the spray area to the adjacent area, and that the dilute herbicide is responsible for stimulating 
bud development rather than for destroying meristem tissue. Or b), that the herbicide on the 
spray site has reduced apical dominance in some rhizome tissue, thus allowing a greater number 
of buds to. develop at some distance along the rhizome and away from the site of herbicide 
application. 
Holloway (1994), in his study of bracken control on the North York Moors, has suggested that 
selective spraying with asulam along heather/bracken boundaries would be a more effective 
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management technique for the containment of bracken encroachment into heather than the 
spraying of large, mature stands of bracken. Effective treatment of large areas of moorland 
heather which are suffering bracken encroachment could be realised for a comparatively small 
financial outlay using this technique. The management team on the Quantock Hills, for 
instance, consider the conservation of heather stan.ds on the Hills to be of paramount 
importance. However, the results presented in Section 6.5.1.1 indicate that spraying narrow 
corridors of bracken on heather boundaries may well result in stimulation of frond production 
at the boundary as an edge effect, and may exacerbate rather than contain bracken 
encroachment on these sites. Further field studies to investige rhizome bud number and 
rhizome dry weight dynamics in these boundary areas of increased frond density is essential 
before management plans based on selective boundary spraying are put into effect. The origin 
and extent of rhizomes in the field situation also merits investigation. 
6.5.2 Bracken rhizome results 
Bracken rhizomes were monitored annually, live buds and dried rhizome weight being 
measured. A baseline survey on the control and intervention sites on Aisholt Common, 
Cothelstone Common and Lydeard Hill was carried out in July 1992 before sites were sprayed, 
with later sampling being carried out in the spring of 1993, 1994, and 1995, in order to evaluate 
the effects of different treatments on the bracken rhizome system on these sites. The Aisholt site 
was sampled once for the baseline survey and then divided to form the Aisholt control and 
Aisholt spray sites (see Section 6.2). 10 pits (each 20 cm x 20 cm x 30 cm deep) were dug on 
each site at each sampling. Rhizomes were washed, buds counted, dried at 80"C for 72 hours, 
and finally weighed. 
6.5.2. I Rhizome bud results 
The baseline survey (1992) showed that there were no significant differences between live bud 
numbers on Lydeard control site and Lydeard spray site (p = 0.52) in 1992, or between live 
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bud numbers on Cothelstone control site and Cothelstone spray site (p = 0.86}, or between live 
bud numbers on Cothelstone control site and Cothelstooe burnt site (p = 0.69). The cut sites on 
Cothelstooe and Lydeard were not sampled on this date, although the values for the single site 
on Aisholt were determined. 
Data for dried rhizome weights on these sites in 1992 showed a difference between the values 
recorded for the Lydeard control site and the Lydeard spray site (p = 0.03). There was no 
significant difference between the values recorded for the Cothelstone control site and the 
Cothelstone spray site (p = 0. 75), or the values recorded for the Cothelstone control site and the 
Cothelstooe burnt site (p = 0.23). The cut sites on Cothelstooe and Lydeard were not sampled 
on this date, although the values for the single site on Aisholt were determined. 
Values for mean live buds per pit and mean dry rhizome weights per pit (with standard errors of 
the mean) for these sites from 1992- 1995 can be found in Appendix 4. 
Figures 6.14 - 6.17 present data for live bud numbers per pit for the intervention and control 
sites on Lydeard Hill, Cothelstone Common and Aisholt Common from 1992 - 1995. Values 
for spray, cut and burnt sites are displayed for comparison with the appropriate control sites. 
Cothelstone burnt site was not sampled in 1995. Figures 6.18 - 6.21 relate. to dry rhizome 
weights per pit for the same sites and arc presented in the same format. 
From Figure 6.14 it can be seen that although spraying was carried out on Lydeard Hill in July 
1992, shortly after the baseline survey was carried out, bud numbers on the spray site did not 
fall immediately as was anticipated. The April 1993 sampling showed a slight increase in mean 
bud numbers per pit, although the confidence limits are wide, and the expected fall in bud 
numbers is not shown in the data until March 1994 (nearly 2 years later), the downward 
movement continuing to be exhibited in May 1995 when sampled pits returned readings of 
zero buds. Statistical analyses (t-test on log transformations of the raw data) show no significant 
difference between bud numbers per pit from Lydeard control site and Lydeard spray site (p = 
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Figure 6.14 Bud numbers on rhizomes from Lydeard Hill intervention 
and control sites. 1992-1995 (Error bars are confidence 
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Figure 6.15 Number of buds/pit on rhizomes from Cothelstone Common, 
Quantocks. 1992-1995 (Error bars are confidence limits). 
~ ,----------------------------------, 
No. of 
buds I 
pit 
40 
30 
20 
10 
0 
July 92 April 93 March 94 May95 
~ .----------------------------------. 
No. of 
buds I 
pit 
-10 
30 
20 
10 
0 
July 92 Apri l 93 
11 9 
March 94 May95 
0 Cothelstonc control 
I Colhelstone spray 
D Cothelstonc control 
I Cothelstone burnt 
Figure 6.16 Bud numbers/pit on rhizomes from Cothelstone Common, 
Quantocks. 1992-1995. (Error bars are confidence limi ts). 
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Figure 6.17 Bud numbers/pit on rhizomes from Aisholt Common, 
Quantocks. 1992-1995. (Error bars are confidence 
limits). 
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0.849) in 1993, or 1994 (p = 0.072), but by May 1995 the difference is highly significant (p < 
0.000) since no buds were found. Although random sampling produced 10 pits containing 
rhizomes without buds, a very few fronds were developing on the site, but were not included in 
the sampling pattern. It was not possible to measure frond densities in July 1995, but visual 
appraisal in May 1995 suggested that frond destruction on this site was almost complete. 
Mean bud numbers per pit on the cut site on Lydeard showed a similar pattern in that there was 
no significant difference between bud numbers on the Lydeard control site and the cut site in 
1993 (p = 0.645), or 1994 (p = 0.082), but by May 1995 a significant difference was apparent 
(p = 0.011 ). A considerable increase in mean bud numbers from all previous values on the 
control site was apparent in May 1995 when a mean of 27.1 (standard error = 6.68) was 
returned, previous values having ranged from 1.3 (in March 1994) to 7.1 (in April 1993). 
Figures 6.15 and 6.16 display the data for the Cothelstone sites. A similar pattern to that shown 
by the Lydeard data emerged. Values for mean bud numbers rose slightly in April 1993 on the 
spray site although there was no significant difference between values for the control site and 
the spray site (p = 0.379). By March 1994 bud numbers on the spray site had dropped 
substantially and a significant difference was shown (p = 0.003), and by tvlay 1995 a highly 
significant difference was shown (p < 0.000). 
The burnt site on Cothclstone, which had shown no difference in mean bud numbers from the 
control site in July 1992 had reversed this position by April 1993 (p = 0.015). However by 
i\•larch 1994 bud numbers on the burnt site had fallen again and bud numbers on the control 
site had fallen still further and the position was once again reversed (p = 0.111 ). 
Data was not available for the burnt site in 1\.'lay 1995, but similarly to the Lydeard control site, a 
large increase in mean bud numbers on the Cothelstone control site was apparent. 
No baseline survey values were obtained for the two cut sites on Cothelstone as cutting had been 
carried out each year since 1990 on these sites. Values for bud numbers on these two sites were 
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consistently low for 1993, 1994 and 1995, the large increase in bud numbers on the control site 
in May 1995 emphasising this fact. Comparisons with control site bud numbers showed a 
significant difference between the latter and cut site I (p = 0.001) in 1993, although no 
significant difference was seen in 1994 (p = 0.311). A significant difference showed in 1995 (p 
= 0.004), the bud numbers for the control site increasing substantially. Bud numbers on cut 
site 2 were not significantly different from those on the control site in 1993 (p = 0.058), or in 
1994 (p = 0.852), although in 1995 a highly significant difference was apparent (p < 0.000). 
Figure 6.17 displays data for the two sites on Aisholt Common. There was no significant 
difference between bud values for Aisholt spray site and Aisholt control site in 1993 (p = 
0.738), bud numbers increasing over the mean shown from samples taken in July 1992 as in 
other spray sites. By March 1994 mean bud numbers on the spray site had fallen and the 
difference in bud numbers between the two sites was significant (p = 0.009). As on the spray 
site on Lydeard Hill random sampling in 1995 from 10 pits produced no buds. Although a few 
developing fronds were in evidence, visual appraisal of the site suggested that frond density had 
fallen below that measured in spring 1994. On this control site also bud numbers increased 
substantially in 1995 over results for previous years. 
6.5.2.2 Rhizome dry weight results 
Rhizome dry weight results from the baseline survey in July 1992 showed no significant 
difference between the control site on Cothelstonc and the spray site (p = 0.75), no significant 
difference between Cothelstone control and the burnt site (p = 0.23), but a difference between 
the Lydeard control site and the spray site on that common (p = 0.03). 
The mean dry rhizome weight data for Lydeard spray site showed a continuing difference from 
the control site in 1993 (p = 0.003), but by 1994 and 1995 the mean values on the spray site 
had diminished and those on Lydeard control site had increased and statistical analysis showed 
no significant difference in either year for these two sites (p = 0.164 in 1994, and p = 0.352 in 
1995). 
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The cut site on Lydeard returned much lower mean rhizome dry weight values than did the 
spray site in each year. No data was collected for the spray site in 1992 as the site had been cut 
every year from 1990 and values would not be comparable with other baseline measurements. 
There was no significant difference between mean rhizome dry weights from the control and 
cut sites in 1993 (p = 0.499), although by 1994 cut site values had dropped by more than half 
(from 29.9 gms in 1993 to 13.04 gms in 1994) and a signi~cant ~iffcrence between the two 
sites was shown (p = 0.026). This trend was continued in 1995 with a significant difference 
between the values for the two sites (p = 0.002). Figure 6.18 emphasises the higher values for 
rhizome dry weights on the spray site on Lydeard than on the other sites. 
Figure 6.19 also emphasises the high mean rhizome dry weight values for the spray site on 
Cothclstone. There is no significant difference between values from this spray site and the 
Cothelstone control site in any year (p = 0.708 in '93, p = 0.875 in '94 and p = 0.065 in '95). 
1vlcan rhizome dry weight values on the Cothelstone burnt site arc also high (sec Figure 6.19) 
and there is no significant difference between values for this site and the control site in either 
1993 (p = 0.838) or 1994 (p = 0.741). Data for the burnt site was not available in 1995. 
In contrast to the previous results on Cothelstone, the two cut sites have returned much lower 
mean rhizome dry weight~ than the spray and burnt sites. Comparison with the control site 
values show a significant difference for cut site I in 1993 (p = 0.0 12) but not in 1994 (p = 
0.6-l5). The difference in 1995 is highly significant (p < 0.000). Cut site 2 values were not 
significantly different from those of the control site in 1993 (p = 0.369), or in 1994 (p = 
0.289). However the large increase in mean rhizome dry weight for the control site in 1995 to 
100.19 gms compared to the mean of 29.91 gms for cut site 2 accentuated the difference 
between mean rhizome dry weights for the two sites (p < 0.000). 
Rhizome dry weights on Aisholt (see Figure 6.21) are generally lower than those on the other 
two main Quantock study areas, particularly when considering the values for the spray sites on 
each common. Also the values for the spray site have decreased year by year although there was 
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Figure 6. 18 Rhizome dry weights/pit from intervention and control sites on 
Lydeard Hill, Quantocks. 1992-1995. (Error bars are confidence limits). 
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Figure 6.19 Rhizome dry weights/pit from intervention and control sites on 
Cothelstone Common, Quantocks. 1992-1995. (Error bars are confidence 
limits). 
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Figure 6.20 Rhizome dry weights/pit from intervention and control sites on 
Cothelstone Common, Quantocks. 1992-1995. (Error bars are 
confidence limits). 
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Figure 6.21 Rhizome dry weights/pit from intervention and control sites on 
Aisholt Common, Quantocks. 199~-1995. (Error bars are confidence limits). 
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no significant diFference between spray site and control site values on this common in 1993 (p 
= 0.883), or in 1994 (p = 0.383) or in 1995 (p = 0.177). 
All bracken rhizome dry weight data has been tested using the t-test on log transformations of 
raw data, however confidence limits on the raw data arc wide in virtually every case. 
A comparison of frond and 1rhizome characteristics froin the 1992 control sites saippling 
suggested very few direct relationships between variables. Frond height and frond liveweight 
appeared to be associated as might be expected (r = 0.944, p < 0.05), and frond liveweight and 
rhizome dry weight (r = 0.842, p < 0.05). The correlation between frond height and rhizome 
dry weight was not significant (r = 0.767, but p < 0.1). No other correlations between variables 
were significant, particularly no relationship betwen frond variables and live bud numbers on 
these sites. Hollow ay ( 1994) found no consistent significant relationships between frond and 
rhizome throughout his study of bracken on the North York Moors. 
6.5.3 Bracken control - discussion 
Bracken data was aualyscd within commons, rather than within treatments, since the initial 1992 
data from a number of the variables being measured showed evidence of similarity between sites 
on the same common, while there were a number of discrepancies between commons. On each 
common the control site data was compared with data from each treatment site in turn to assess 
the effect of treatments on the bracken plant. 
Treatment data was brought together in Tables 6.4 and 6.5 to illustrate the similarity of the 
reactions to the treatments on different commons. Table 6.4 displays the frond results; density, 
height and weight. Table 6.5 displays the rhizome results; numbers of live buds and rhizome 
dry weight. 
No cut sites were sampled in 1992, Lydeard Hill was accidentally cut before sampling could 
take place in 1993, and some data from Cothelstonc Hill cut sites was lost because of early 
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Table 6.4 Comparison of bracken frond data from control sites and grouped treatment 
sites showing probabilities. (* = p < .05, ** = p < .01, *** = p < .00 I) 
Frond Densities 
Sura~ sites v. control sites 1992 1993 1994 
Lydeard Hill * * * * 
Cothelstone Hill n.s. * * * * * * 
Aisholt Common n.s. * * * * * * 
Cut sites v. control sites 
Lydeard Hill n.s. 
Cothelstone cut l n.s. n.s. 
Cothelstone cut 2 n.s. * 
Burnt site v. control n.s. * ll.S. 
Frond Heights 
Suray sites v. controls 1992 1993 1994 
Lydeard Hill n.s. * * * 
Cothelstone Hill * * * * * 
Aisholt Common n.s. * * * * * 
Cut sites v. controls 
Lydeard Hill * * * 
Cothelstone cut * * * 
Cothelstone cut 2 * * * 
Burnt site v. control * * * * * * * * 
Frond Weights 
Suray sites \'. controls Fresh weight Dried wt. Dried wt. 
1992 1993 1994 
Lydeard Hill n.s. * * * 
Cothelstone Hill n.s. * * * * * * 
Aisholt Common n.s. * * * * * * 
Cut sites v. controls 
Lydeard Hill * * 
Cothelstone cut * * * 
Cothelstone cut 2 * * * 
Burnt site v. control n.s. n.s. n.s. 
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cutting in 1994. Table 6.4 is therefore unfortunately incomplete, however, a pattern of response 
to treatments is discernable. Frond densities on the spray sites and the burnt site in 1992 were 
similar to those on the control sites, apart from the spray site on Lydeard Hill, but in 1993 and 
1994 the expected substantial change in frond density on the spray sites (after asulam 
application in 1992) was very evident. The cut sites however, showed very little difference in 
frond density from the controls in either 1993 or 1994. The one exception was Cothelstonc cut 
2 where the mean frond density fell to 16.4 in 1994, much lower than the- other cut sites. 
Table 6.5 Comparison of bracken rhizome data from control sites and grouped treatment 
sites showing probabilities.(*= p < .05, ** = p < .Ol, *** = p < .001) 
Rhizome live buds 
1992 1993 1994 1995 
July April March J'vlay 
S~ra~ sites v. controls 
Lydeard Hill n.s. n.s. n.s. * * * 
Cothelstone Hill n.s. n.s. * * * * * 
Aisholt Common n.s. n.s. * * * * * 
Cut sites v. controls 
Lydeard Hill n.s. n.s. * 
Cothelstone cut * * n.s. * * 
Cothelstone cut 2 JJ.S. n.s. * * * 
Burnt v. control n.s. * II.S. 
Rhizome dQ' weights 
S~ra~' sites \'. controls 
Lydcard Hill * * * JJ.S. JJ.S. 
Cothelstone Hill n.s. II.S. n.s. ll.S. 
Aisholt Common n.s. JJ.S. JJ.S. ll.S. 
Cut sites v. controls 
Lydeard Hill JJ.S. * * * 
Cothelstuuc ~:ut '!' n.s. * * "' 
Cothelstone cut 2 ll.S. n.s. * * * 
Burnt site v. control n.s. n.s. n.s. 
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The pattern for the frond height data was substantially different from that for frond densities. 
Although there was little difference between the treatment sites and the controls in 1992 by 
1993 and 1994 the expected difference between the spray sites and controls was evident, but the 
cut sites also were showing a significant difference in height from their respective controls in 
every case. 
As might be expected, although there was no difference between site values for frond fresh 
weights in 1992 (it was not possible to dry fronds in 1992), 1993 and 1994 showed substantial 
differences in frond dry weight for both spray and cut sites compared with their respective 
controls. 
The burnt site results were indeterminate. l'vlean frond densities varied from 20.4 in 1992 to 
20.8 in 1993, and to 25.2 in 1994. The significant difference observed in comparison with the 
control site in 1993 was mainly due to a rise in mean density on the control site. Frond heights 
on the burnt site are significantly different from the control site in each year, but burnt site 
means arc greater than the control in 1992 and 1994, and lower than the control in 1993. Frond 
weights arc not significantly different from control weights in any year. 
Comparisons for rhizome data also show interesting results. Live bud numbers on rhizomes 
from control, spray and burnt sites in 1992 were very similar, and bud numbers on these spray 
sites were not decreasing until March 1994, in fact on each spray site the mean live bud values 
increased in April 1993 over the mean values found in July 1992. By May 1995 the differences 
between spray and control sites were highly significant, with the bud numbers on the control 
sites being exceptionally high on all three commons, and bud numbers of zero being returned 
from the sampled pits on two out of three spray sites. A similar pattern showed on the cut sites, 
there being no apparent difference between cut sites and controls in 1994 but by 1995 
differences were significant. Mean bud numbers were higher on the cut sites than on the spray 
sites in 1995, but the over-riding factor was the high number ·of live buds on the control sites. 
The rhizome dry weights give a clear picture of differences between treatments by 1995. All the 
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cut sites showed significant differences in dry weights from the control sites, supporting the 
wider assertion that continued cutting of bracken fronds will eventually lead to a reduction in 
the rhizome system (Pakeman and Marrs 1991). The spray sites, on the other hand, surprisingly 
showed no significant differences from the appropriate control sites and rhizome dry weights, 
particularly on Lydeard Hill and Cothelstone Hill, remained high over the period from 1992-
r994. Rhizome dry weights on Aisholt Common (although not significantly different from the 
control) fell over this period. Bracken on Aisholt is relatively shallow rooting as the· soil is very 
stony. Also cattle are fed on the area of the spray site through the winter, and trampling has 
disturbed some rhizome material which has been brought to the surface and has dried out. 
Again the burnt site results are indeterminate, and more data from more sites is necessary to 
assess this treatment and its effect on bracken growth. 
The data presented suggest that spraying bracken with asulam reduces frond densities, and also 
frond heights, drastically in the year after application, but that a corresponding reduction in 
rhizome live buds does not occur for at least 18 months after application. The most surprising 
result shows in the lack of significant reduction in the mean rhizome dry weight on these spray 
sites. Even in lvlay 1995 (3 years after herbicide application) there was no significant difference 
between rhizome dry weights on the spray and control sites on any of the three commons . 
. Regular sampling of frond densities on sprayed sites has traditionally been the means of 
deciding when any necesary after-care (such as spot spraying emerged fronds) should be 
carried out, but no reliable relationships between frond and rhizome systems have been 
established. It is postulated here that monitoring of bracken rhizome systems will enable a more 
realistic assessment to be made of the appropriate time interval between repeated asulam 
herbicide applications (where necessary), by characterising either degradation of the rhizome 
system, or of regrowth from what appears to be a system carrying substantial reserves. 
Treatment by regular cutting of bracken fronds on the sites sampled for this project does not 
appear to have affected frond densities, although frond height is much reduced (though not to 
the same extent as on the spray sites). Live bud numbers were reduced, in a similar time scale to 
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those on the spray sites although not to the same degree. lt was not until l\·lay 1995 that a 
significant drop in live bud numbers occurred. Rhizome dry weights showed no differences 
from the control sites from 1992 to 1994, and again it was not until May 1995 in each case that 
a significant reduction over the mean dry weights for the control sites was recorded. The 
differences in reaction between the spray and cut sites are best exemplified by the figures 6.18-
6.21 which portray rhizome dry weights of treatment sit~ set against control sites in each case. 
The data presented suggests that cutting bracken reduces the dry rhizome weights substantially 
over a period of time, in direct contrast to the results from the spray treatment. Again further 
monitoring is necessary to fully elucidate the long term trends for either treatment. 
One factor which requires further investigation is the variability of the data, particularly that of 
the rhizome live buds. Frond data was gathered in July of each year when fronds were most 
extended, thus maintaining comparability. The logistics of sampling numbers of sites 
determined that the rhizome sampling was undertaken in different months in each year. 
Although the trends suggested by Table 6.5 appear to hold across all sites, the mean values (sec 
Appendix 4) vary widely from one year to another and it is possible that this could be 
explained by the fact that sampling took place in a different month each year. A further set of 
rhizome samples was dug in September 1994, six months after the sampling carried out in 
March 1994 (sec Plate 8). Tables 6.6 and 6.7 display mean live bud numbers per pit (with 
standard errors) and also mean dry weights of rhizomes per pit (with standard errors) for the 
Quantocks sites from 1992 to 1995, and include data for the September 1994 sampling. Values 
for live bud numbers for the three control sites show distinct variations between month of 
sampling, which appear to be consistent across commons. March consistently gives the lowest 
live bud numbers while May consistently produces the largest. Live bud numbers for each 
control site in April 1993 arc higher than in March 1994, but by September 1994 mean bud 
numbers on each control site have soared. In May 1995 the mean bud numbers have risen still 
further to an all-time high. Examining the spray, cut and burnt sites it can be seen that mean 
bud values rose on every site between March and September 1994. The three spray sites, which 
were showing a pronounced fall in mean bud numbers in March 1994 over the previous year to 
0.60 in each case, showed an increase by September of that year. This increase was not evident 
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in the data for May 1995 when zero buds per pit were showing on two spray sites. 
Table 6.6 Mean numbers of Jive buds (with standard errors) per pit from rhizomes 
on intervention and control sites, Quantocks 1992-1995. 
July 1992 April 1993 !\·larch 1994 May 1995 Sepl 1994 
Lydeardspray 2.80 ±0.58 3.40 ±0.83 0.60 ±0.34 . 0.00 ± 0.00 3.00 ± 0.67 
LydeardcUI 3.00 ±0.92 0.60 ±0.27 2.60 ±0.65 2.30 ±0.96 
Lyd. control 6.20 ±2.29 7.10 ±3.72 1.30 ±0.30 27.10 ±6.68 12.80 ±1.56 
Corbel. spray 5.20 ±1.74 10.0 ±1.90 0.60 ±0.22 0.30 ± 0.30 5.60 ± 0.58 
Colh. cut I 3.30 ±1.28 3.30 ±0.60 6.70 ± 1.67 8.10 ± 1.49 
Coth. cut 2 6.80 ±1.26 2.70 ±0.82 3.20 ± 0.90 7.60 ±0.85 
Colh.control 9.40 ±4.16 12.00 ± 2.33 2.30 ±0.42 23.50 ±4.91 20.90 ±3.44 
Coth.burnt 4.00 ±1.30 6.10 ±0.71 4.00 ±0.78 8.30 ±0.63 
Aisholt spray 3.80 ±1.02 7.90 ±2.57 0.60 ±0.22 0.00 ± 0.00 4.30 ± 1.33 
Aish.control 3.80 ±1.02 9.00 ±3.19 4.70 ±1.47 27.80 ±7.47 16.30 ± 3.01 
Table 6. 7 l\·lean dry weights of rhizomes (with standard errors) per pit from 
intervention and control sites, Quantocks 1992-1995. 
July 1992 April 1993 March 1994 May 1995 Scpt 1994 
Lydcard spray 64.81 ±14.65 65.83 ±8.67 66.80 ±6.34 36.83 ±5.64 34.59 ±4.18 
Lydcard cui 29.90 ±7.45 13.04 ±5.35 15.59 ±2.09 18.22 ±4.13 
Lyd. control 24.70 ±8.95 26.36 ±9.09 51.71 ±10.71 53.71 ± 10.16 55.80 ±6.49 
Cothel.spray 78.65 ±15.12 75.13 ±9.48 58.12 ±9.43 72.37 ± 13.41 49.28 ±7.47 
Coth. cut I 28.79 ±7.91 43.03 ±6.49 26.42 ±3.69 24.48 ±4.06 
Coth. cut 2 63.04 ±11.95 35.49 ±6.19 29.91 ±6.04 32.37 ±4.93 
Colh .control 81.04 ±23.18 68.37 ±9.68 72.09 ± 11.27 100.19±11.38 72.79 ±9.52 
Coth.burnl 119.49±18.35 83.80 ±16.03 69.03 ± 11.57 67.21 ±7.70 
Aisholt spray 48.62 ±I 0.82 28.87 ±5.50 22.59 ±3.76 18.20 ±2.97 21.84 ±7.86 
Aish.control 48.62 ±10.82 35.06 ±11.28 39.55 ±11.67 52.14 ± 11.85 54.32 ±7.59 
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Year round monitoring of rhizome buds (each monlh) is essential to determine whether there is 
a seasonal trend in live bud development. If lhis is established, rethinking the timing of different 
melhods of bracken control could be worthwhile. Kirkwood et al ( 1982) calculated the 
optimum application window of asulam to be between 65 and 120 days from first frond 
emergence. This allows a two monlh period when spraying could be successful, and although 
the recommended application dates are July-August (Rhone Poulcnc 1992-1993) when fronds· 
arc fully expanded, better rhizome control may be effected by spraying when peak bud 
numbers are present. This concept could also be investigated for use when cutting bracken as a 
control method. 
The wide range of frond height values depicted in Figure 6.7 could be explained by an early 
development and emergence of fronds which were tall when sampled, followed by the 
development in a later month(s) of the fronds which were short when sampled. These short 
fronds may well be shielded from total spray exposure by the taller canopy, and provide a 
nucleus of buds in parts of the related rhizome. If rhizome reserves have not been substantially 
affected by herbicide application, as some of the results presented here suggest, these small 
sections of living, potential frond-producing rhizome provide a nucleus for regeneration of the 
bracken plant in due course. The aulhor has observed small sections of live rhizome 
containing one, or occasionally more, live bnds within a large section of dead rhizome present 
on all the sites sampled. These sections would also provide rhizome foci for regeneration. 
6.5.3.1 Bracken control - summary 
Treatments nsmg a) spraying with asulam and b) cutting for the control of bracken in this 
investigation have both produced short tcm1 success. Data covering four years has shown that 
on all treated sites a reduction in the bracken crop has occurred. Spraying with asulam almost 
totally removed the above ground frond cover, substantially reduced the live buds on the 
rhizome, but failed to reduce the rhizome dry weight. Results presented here suggest that 
continued monitoring of the rhizome system will be necessary to determine the extent of future 
management requirements. 
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Although the density of frond cover was not affected by cutting, the height and dry weight were 
reduced giving more exposure to ground layer plants, live rhizome buds were reduced in 
number (but not to the same extent as sprayed areas) and rhizome dry weight was reduced. 
These results are similar to those of Lowday (1986) at Weeting Heath, Norfolk. Results 
presented here suggest that continued monitoring of the rhizome system will be necessary to 
detennine the extent of future management requirements particularly if tick control as a result 
of bracken removal is desired. Further application of herbicide, or the introduction of cutting 
may be required at some stage in order that a habitat which is not conducive to tick survival can 
be maintained. 
6.5.4 Tick densities 
Tick numbers have been amalgamated and are presented as mean ticks per drag per site per 
annum as in the Stage I investigation in Chapter 5 (see Table 6.8). (As with other aspects of this 
research there is little established precedent for the methodology/rationale of the intervention 
studies and the substantial variability between sites has dictated that a study to establish 
principles rather than carry out a series of tightly managed trials would be the most useful 
contribution to this topic). 
Statistical analysis did not reveal any significant differences between any of the treatments in 
either year (Kruskal-Wallis analysis of variance). Analysis of changes in tick numbers over two 
years for individual treatments (eg. spraying) again produced no statistically significant 
differences (Mann-Whitney). Wide variability was identified both within and between the small 
number of sites (only 3 in each treatment) (see Appendix 3). Longer periods of observation 
and in particular a greater number of sites might well have reduced the variability in recorded 
numbers. 
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Table 6.8 
Spray 
Cut 
Burnt 
Control 
Spray 
Cut 
Burnt 
Control 
Mean tick numbers/drag on bracken intervention sites on the 
Quantock Hills (aggregated data). 
No.sites No.drags 
3 
3 
3 
210 
240 
40 
160 
No.sites No.drags 
3 
3 
3 
200 
210 
50 
200 
1993 
Larvae 
1.76 
0.04 
0.53 
2.26 
1994 . 
Larvae 
0.62 
0.20 
0.14 
1.54-
Nymphs 
2.71 
0.25 
2.20 
3.21 
Nymphs 
0.55 
0.14 
0.88 
1.80 
Adults 
0.18 
0.02 
0.02 
0.21 
Adults 
0.04 
0.01 
0.06 
0.09 
Analysis of tick densities is particularly difficult. Tick numbers on each site have been 
presented as mean ticks/drag/annum for this project in order to provide a measure of 
comparability between sites, and this relies very heavily on applying a large number of drags to 
each site on a purely random point selection. A repeated measures approach to collection and 
analysis is not an appropriate technique to apply to the sampling of sheep ticks since it can be 
argued that each collection on a specific site samples a different population from the previous 
collection. It is not possible to establish the numbers of additions of any tick life stage to the 
population on a particular site between collections, nor is it possible to establish withdrawals, 
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apart from those questing ticks removed by blanket dragging. The natural rise and decline in 
tick numbers (activity cycle) from early spring through summer, autumn and, on some sites, 
winter, appears to vary in date according to biogeographic region (see Chapter 5). This together 
with variation in other climatic variables (for example rain) does not allow direct comparisons 
between sites to be made on particular collection dates. A further problem is the limitation in 
numbers of sites which can be sampled on any one date. 
A more practical representation of the data is illustrated in Figure 6.22 which displays overall 
differences in numbers of immature and adult ticks sampled from the different treatments. 
Numbers of larval, nymphal and adult ticks are all lowest on the cut sites in both 1993 and 
1994. These sites bad been cut annually from 1990, and the effect of this treatment is clearly 
evident in the results displayed in Figure 6.22. The control sites show the highest numbers 
collected in both years and for all life stages. 
The spray sites harboured substantial numbers of both immature and adult ticks in 1993, which 
was the rirst year after treatment, and considerably less in 1994. Although numbers of all life 
stages collected on the control sites in 1994 were lower than in 1993, and this may therefore be 
an annual effect which might affect all sites (treatment sites included), the proportional drop in 
mean numbers is much greater on the spray sites than on the control sites (sec Table .6.9). 
Table 6.9 Proportional reduction in tick numbers on spray and control sites 
between 1993 and 1994 on the Quantocks. 
Larvae 
Nymphs 
Adults 
Spray sites 
% 
64.77 
79.70 
77.78 
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Control sites 
% 
31.86 
43.93 
57.14 
2.0 
1.0 
0.0 
Figure 6.22 Mean ticks per drag on intervention and control sites Quantock Hills 1993 and 1994. 
Mean larvae I drag 1993 & 1994 
Spray Cut 
0 1993 
11111 1994 
Burnt Control 
Mean nymphs I drag 1993 & 1994 
3.0 
1.0 
0.0 
Spray Cut 
D 1993 
Ill 1994 
Burnt Control 
0.20 
0.10 
0.00 
Mean adults I drag 1993 & 1994 
Spray Cut 
0 1993 
Ill 1994 
Burnt Control 
Data have been included for the burnt site although only I site was involved, and the usefulness 
of this data is much reduced as collecting on the bracken from this site became very difficult. 
Frond height and density in mid summer were particularly high. The site was subjected to an 
accidental bum in May 1991 which consumed litter and vegetation (and presumably ticks since 
none were collected by blanket dragging in the weeks after the event). However, by the summer 
of 1993 immature and adult ticks (particularly nymphal ticks) were present on the site and, 
since nymphal ticks were recovered in February 1993, must"have been dropped from hosts as 
engorged larvae during 1992. Vegetation recovery (particularly that of bracken) was rapid and 
obviously reclothed the site sufficiently well to attract some vertebrates onto the area relatively 
quickly after the fire. 
Figures 6.23, 6.24 and 6.25 illustrate the mean ticks per drag on the intervention sites over the 
spring and summer months of 1993 and 1994. These Figures emphasise the low numbers of 
immature and adult ticks on the cut sites in both years compared with numbers on the control 
sites. Also demonstrated is the reduction in numbers of all life stages between 1993 and 1994 
on the spray sites. The display in diagrammatic form emphasises the differences between the 
spray and control site tick numbers in 1994. 
It proved difficult to blanket drag the control sites in mid and late summer when bracken 
growth was at its peak, but this was of course not a problem on cut sites and spray sites. The 
result was a potential reduction in numbers of ticks collected on the control sites during those 
months when bracken frond height and density was greatest This would have accentuated the 
differences in tick numbers between the control sites and the cut and spray sites illustrated in 
Figures 6.22 to 6.25. 
Two of the sprayed areas were amongst those which were blanket dragged during the winter of 
1993 to establish if questing ticks were active during the winter months (sec Section 5.3). Sites 
which were blanket dragged were adjacent to the sites which were studied during 1993 and 
1994. Dead fronds (bracken litter) from the 1992 bracken crop were still lying on these sites in 
the winter of 1992/93, since the fronds senesce normally in the year of herbicide application. 
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Figure 6.23 Mean larval ticks I drag on intervention sites on the Quantock Hills 1993 and 1994. 
Larvae - spray sites 93 Larvae - control sites 93 Larvae - cut sites 93 
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Figure 6.24 Mean nymphal ticks I drag on intervention sites on the Quantock Hills 1993 and 1994. 
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Figure 6.25 Mean adult ticks I drag on intervention ites on the Quantock Hills 1993 and 1994. 
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Table 6.10 Ticks collected on 2 sprayed (asulam) areas on the Quantocks (winter 1993). 
Aisholt ticks, winter 1993 (bracken site) 
Larvae Nymphs Adults 
12.1.93 0 0 0 
2.2.93 0 2 
8.3.93 0 6 0 
Cothelstone ticks, winter-1993 (bracken site) 
18.1.93 0 0 0 
18.2.93 0 24 2 
20.4.93 32 293 10 
Table 6.10 details total numbers of ticks collected (I collection - 10 drags - on each site on 
each date) in the early winter months of 1993 on these 2 spray sites. The data emphasises the 
fact that questing ticks are active in bracken dominated areas on the Quantock Hills during the 
winter months. 
6.5.4. I Tick densities - discussion 
Although statistical testing did not reveal any significant differences in tick numbers between 
treatments on these sites in either year, the proportional reduction in all tick life stages between 
1993 and 1994 on the spray sites compared with the control sites suggests that controlling 
bracken by spraying with asulam might well have an effect on tick numbers. A continuation of 
the trial for a further year or two could have established whether a downward trend in tick 
numbers was apparent. Vegetation cover in the early months of 1993 on the spray sites, 
particularly through the spring when tick numbers are particularly high, would not have been 
substantially altered by the spray application in July 1992. Litter from the 1992 bracken crop 
would still be lying on these sites early in 1993 and providing protection for developing ticks 
dropped since spraying was carried out. By the spring and summer of 1994 a new vegetation 
community would be developing on these spray sites and any differences in tick numbers in 
later years could be attributed to the change in vegetation. If this change was substantiated it 
might well be due to the protection for ticks (such as protection from dessication) afforded by 
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the vegetation cover, or by any change in fauna frequenting the site as a result of the change in 
vegetation. 
The low numbers of each tick life stage evident on the cut sites in both 1993 and 1994 suggest 
that cutting bracken regularly could well make an impact on tick numbers on some moorland 
sites. The sites on the Quantocks, cut each year since 1990, exposed the ground layer vegetation 
(together with any ticks in that vegetation) to sun and wind on the hill tops, possibly resulting in 
a higher rate of tick dessication than would occur in areas protected by the bracken fern 
canopy. Since (admittedly very low) levels of all tick life stages were identified when sampling 
these cut sites some four years after cutting began, it appears that some vertebrates are regular 
visitors to the sites and do drop engorged ticks on the vegetation. 
Data for the single burnt site on Cothelstone does not exhibit any particular trend in tick 
numbers, although the low numbers of larvae in both years compared with the control site 
suggest that conditions were unfavourable for egg or larval development. High numbers of 
nymphal ticks in 1993 relative to the control and spray sites appears to be renectcd by an 
increase in adult numbers in 1994 on this site. This is unlikely to be a direct result of increased 
nymphal ticks in 1993 since questing nymphs will require a blood meal before developing into 
adult ticks, but it may well be the result of an increase in numbers of some vertebrate 
populations visiting the site. 
The variability of tick densities between these bracken sites (within treatments) made it difficult 
to assess the overall impact of different intervention strategies, particularly as only two years 
data was available. The spray and control sites on Cothclstone Hill showed relatively higher tick 
densities in 1993 than did the other spray and control sites (sec Figures 6.23, 6.24 and 6.25). 
This indicates that it may be important to assess sites individually when considering control 
measures, and to make site-specific recommendations. 
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6.5.5 After care for bracken control sites. 
Any bracken treatment results in a change in vegetation cover on the treatment site. Spraying 
bracken with the herbicide asulam has been shown to result in an almost total removal of the 
bracken canopy in the years immediately subsequent to the application. Cutting, while not 
apparently resulting in any change in frond density in the. short term, produces a reduction· in 
frond height and frond dry weight which must open out the frond canopy to the benefit of all 
ground cover species, acceptable or unacceptable species. (A single bum, such as that 
experienced on the Cothelstone burnt site, apparently has no significant lasting effect on the 
bracken stand.) 
Pakeman and Marrs (1991) discuss various factors affecting vegetation development after 
bracken control. such as other species present under the bracken stand before treatment (few 
colonising species to generate could well leave some sites vulnerable to ground erosion), the 
natnre of the seed bank and seed rain, grazing pressure and climatic conditions. After care of 
the treated sites is therefore important, and will need special consideration if the change in 
vegetation cover is to be recommended as a means of reducing tick numbers. 
As far as this project was concerned the authority and responsibility for after care remained with 
the site owners, although every assistance was given to the author for completion of bracken 
sampling. Vegetation surveys arc not presented here as regeneration was not a parameter 
incl udcd in this study, but the photographic record on Plates 1-7 illustrates the different 
responses to treatment of the sites covered in this project. 
Plates I and 2 illustrate the development of vegetation cover on Lydcard Hill spray site. The 
first photograph (Plate la) illustrates the precision of application which can be achieved using a 
tractor mounted boom sprayer. The case of application is improved by the height of the 
bracken (mean = 63.2 ems). Plate lb shows the mixture of dead bracken fronds and a 
considerable proportion of ground cover grasses growing away in the spring of 1993. This site 
was then topped over in August 1993 and the mulch (including some grass seed heads) allowed 
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to lie on the site (Plate 2a). In the summer of 1994 grasses were allowed to set seed natumlly 
(Plate 2b), main grass cover being provided by Deschampsia fle.mosa, Festuca rubra, Festuc:a 
ovina, Anthoxanthum odoratum and Agrostis spp. Although a very few bracken fronds arc still 
emerging each year and need treatment, the overall result must be counted as a success in tem1s 
of bracken control. and is providing grass keep for the sheep flock which graze this common. 
Tick numbers (all life stages) had reduced substantially on this site. by 1994. 
Plates 3 and 4 illustrate the effects of spraying with asulam on Aisholt Common. Plate 3a shows 
the difficulties of taking a tractor mounted spraycr into very dense, tall bmckcn stands, one 
boom has already been damaged. Plate 3b illustmtcs the vegetation on Aisholt in the summer of 
1993. Vac:cinium is making a mpid return to the site, but grass cover is not very extensive. A 
few bmckco fronds arc in evidence, and although not present in the photograph other weed 
species (such as Digitalis purpurea, Rumex acetose/la, and Rubrus spp.) were invading the site. 
Plate 4a (1994) shows a substantial increase in grass cover (seen against a camera lens cover) on 
some areas of the site, although Plate 4b emphasises the bare soil areas where dead bracken 
rhizomes are surfacing. Cattle were fed during the winters of 1992 and 1993 on this site. and 
although grass seeds from hay may have contributed to the increase in grass cover over time, 
winter trampling has not helped this site to develop complete vegetation cover. The soil is 
shallow and stony, and the site is sloping, and although a high proportion of gronnd cover 
under bracken is grass this does not appear to have been able to retain its cover under the 
management it was given. Although nymphal ticks are not prominent on this site, larvae and 
adults were still present in 1994. 
Plate Sa illustrates bracken spmying in 1992 on the Cothelstonc spray site. This site, covered 
with tall, dense bracken. and some scrub. was also difficult to spray since the tmctor was obliged 
to skirt small thorn saplings and other scrub. (Areas unable to be spmyed by tmctor require 
coverage by knapsack sprayer to effectively remove small cores capable of bracken 
regeneration.) Plate 5b demonstrates the results of no after care on a site such as this. The 
occasional bracken frond is visible, and by 1994 fronds arc showing a height in excess of the 
other spray sites (see Appendix 4) although frond density is still low. Gm ss cover is extensive 
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(mainly Agropyron repens and Agrostis stolonifera), but is interspersed with scrub such as the 
Acer sp. seen in the foreground and gorse (Uiex spp.). Rubus spp. are also showing extensive 
re-invasion of the site. The landscape value of this site at the present time is questionable, and 
although the small herd of ponies which runs on this common does have access to the area, the 
animals do not appear to graze the rough grasses. Tick numbers (all life stages) had fallen by 
1994, but it is possible that the vegetation is not attractive t;>r palatable to vertebrates on· this site. 
Plate 6a is taken on Cothelstone cut site 2 (cut site I is very similar) in August 1994, showing 
grasses affected by drought but extensive grass cover over all is in evidence. An even cover of 
bracken fronds recovering after coning is also visible. Plate 6b is taken on Lydeard Hill cut site 
showing recently cut bracken fronds lying in windrows. Grass cover for the grazing sheep is 
good. Very few ticks have been recovered from any of the cut sites, suggesting that this 
treatment is potentially useful for controlling tick numbers. 
Plate 7a shows Cotbelstone burnt site in 1992, burnt gorse is still visible in the foreground. The 
bracken stand is very high. Plate 7b shows the same site in the following summer. Bracken 
cover is still very dense and Epilobium sp. have taken advantage of the bum to invade the site. 
The results from this site appear to indicate that occasional burning has little to offer as a means 
of bracken control, and indeed may have a stimulating effect. Difficulty in sampling this site 
reduced the usefulness of tick data collected. 
6.5.5. I After care - discussion 
Short term control of bracken was achieved by both cutting and spraying treatments but neither 
treatment provided sufficiently conclusive results on which dependable recommendations for 
bracken control could be based. Regular cutting on bracken sites, as displayed in Plates 6a and 
6b, produces an even, neat and level finish over the cut sites and further after care is not 
normally required, provided that cutting is continued from year to year. 
Spray sites, as exemplified by the three sites illustrated in the Plates presented, almost always 
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require some level of management in the years following the initial herbicide treatment. The 
(almost total) removal of the bracken canopy, which normally becomes evident in the season 
succeeding spraying, unavoidably creates new environmental conditions which may or may not 
adequately support the remaining flora, and which could allow the establishment of species not 
normally found under the bracken canopy on a particular site. 
The sites on the Quantocks treated with asulam to date have all been sprayed from a tractor 
mounted boom sprayer. Possibly an all-terrain-vehicle (ATV) could be substituted for the 
tractor on some less accessible areas, but there are still considerable areas of moorland under 
bracken which are inaccessible to wheeled vehicles, and aerial SP.raying is the only technique 
available. Topography can also limit the potential for after care on these sites. 
When planning bracken control programmes it is essential that adequate surveys of the site are 
carried out before the treatment is applied. Such data can then be used to identify the most 
effective method of control, in conjunction with knowledge of the use to which a particular site 
will be put after treatment. A comprehensive plan for after care on the site, which has a strong 
chance of success, can then be implemented. This study of the Quantocks demonstrates the 
need to look at both bracken frond and rhizome characteristics in a full site evaluation if 
treatment is to be effective. 
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Plate 1 
a) Lydeard Hill spray site 1992 showing spraying in progress. 
b) Lydeard Hill spray site spring 1993 showing initial grass growth after spraying. 
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Plate 2. 
a) Lydeard Hill spray site freshly cut August 1993 
b) Lydeard Hill spray site summer 1994 showing self-seeding grasses. 
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Plate 3. 
a) Spraying on Aisholt Common July 1992 in a sea of bracken. 
b) 
Aisholt spray site 
summer 1993 
showing Vaccinium 
regeneration 
Plate 4. 
a) Grasses returning to Aisholt Common summer 1994. 
b) Trampled area on Aisholt Common showing dead bracken rhizomes on the surface. 
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Plate 5. 
a) Spraying on Cothelstone Hill July 1992. 
b) Cothelstone Hill spray site summer 1994 - after care required. 
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Plate 6. 
a) Cothelstone Hill cut site 2 summer 1994 showing bracken frond cover. 
b) Lydeard Hill cut site summer 1994 freshly cut. Plenty of sheep keep. 
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Plate 7. 
a) Cothelstone Hill burnt site 1992 showing dense, tall bracken. 
b) Cothelstone Hill burnt site summer 1993. 
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Plate 8. 
a) Rhizome dug from Aisholt Common September 1994 showing developing buds. 
b) Rhizome dug from Aisholt Common September 1994 showing developing buds. 
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CHAPTER 7. 
DISCUSSION AND CONCLUSIONS 
This study has successfully investigated some aspects of the ecology of Lyme disease with 
special reference to bracken dominated U.K. moorland areas. It has generated the· first U.K .. 
survey of moorland users with reference to their knowledge of the disease, the risk involved and 
the preventive measures which might be adopted (Sheaves and Brown 1995a). The general lack 
of awareness and preparation has done much to reinforce concern over the possible progression 
of the disease in the future. 
A comparison has been made between the densities and activity cycles of Ixodes ricinus (sheep 
ticks), major vectors of the Lyme disease organism, on the North York Moors and the Quantock 
Hills in Somerset. This has given an insight into two ends of the spectrum for tick populations 
both in relation to bio-grographical regions and upland management. Sites on heather 
dominated, Vaccinium dominated and bracken dominated upland areas have been examined as 
optimum habitats for ticks with similar results for the two regions (Sheaves and Brown 1995b). 
Bracken control treatmenl~ have been carried out on some bracken dominated sites on the 
Quantock Hills. The effects of treatment on the bracken frond and rhizome systems on these 
sites have been investigated over a period of four years. An understanding of the bracken 
response to control measures and a concerted attempt to use this to reduce the availability of 
suitable habitat for the tick life cycle are key elements in both understanding and managing the 
ecology of Lyme disease. The effect of these bracken treatments on tick densities has also been 
assessed in 1993 and 1994 and once again implications for management practices considered. 
7. I Lyme disease 
A review of the medical literature here has established the potentially serious nature of this 
disease. There is as yet no means of protective immunisation for humans against Lyme disease, 
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clinical diagnosis is difficult, serological test results can be doubtful, while antibiotic treatment 
to be fully effective should be carried out at an early stage after infection. Mortality rates are 
insignificant, but morbidity and long term disability as a consequence of complications of the 
initial infection, possibly resulting from a lack of treatment in the early stages of the disease, 
cannot be ignored. 
The increase in reported cases over recent years in both the U.S. and continental Europe has 
been cause for concern. Changes have been taking place in agriculture and land management, 
such as a reversion of agricultural land to woodland and/or scrub, and increased interest in 
nature conservation which has led to the regulation of hunting in some countries. That the 
increase in reported cases of Lyme disease has been linked to these changes has raised fears that 
regions endemic for the causal agent of Lyme disease (Borrelia burgdorferi) may be increasing 
rapidly in number and area. 
This investigation has confirmed that the scale of the problem in the U.K. is not yet defined. 
The annual number of confirmed cases of Lyme disease in the U.K. is unknown, and the rate of 
infection and incidence of infected ticks in this country needs considerable further investigation 
to provide a clear picture. Moorlands in the U.K. have historically been utilised for hill farming 
enterprises, and although some moorlands have been identified as tick infested areas, 
traditionally the treatment of farm livestock to control ticks has been carried out solely from the 
agricultural perspective. Although this approach has gone some way to reducing tick densities 
on farm livestock in these areas on an annual basis, particularly since the advent of organo-
phosphorus pesticides, tick densities in a particular area will also depend on local population 
densities of wild animals. The recent decline in agricultural profitability, and changes in land 
management in these upland areas of the U.K., has suggested that the environmental conditions 
which would encourage the maintenance and growth of the major vectors of B. burgdorferi, and 
their many hosts, may well be becoming more extensive. Also the increased use of moorland 
areas in the U.K. for outdoor leisure pursuits has tended to fill the hills with large numbers of 
people with little knowledge of countryside hazards. The investigations here have substantially 
expanded our knowledge in several areas of the interaction of some of the environmental and 
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social factors involved in the Lyme disease cycle. 
Ticks infected with Borrelia burgdorferi were collected by the author from a number of 
moorland areas, including the North York Moors, Dartmoor, Exmoor and the Quantock Hills, 
emphasising the fact that the infection is already present on several open moorlands in the U.K. 
· This is a cause for concern not only for the people working in moorland areas, but also for 
visitors, and for organisations and employers who have a legal requirement to consider the 
matter under Health and Safety legislation. A more comprehensive approach to moorland 
management now needs consideration by all those organisations and individuals concerned with 
the management of upland areas. New management prescriptions and plans may well need to 
incorporate techniques which could help to control or reduce the vectors of zoonoses, such as 
Lyme disease, but informed decisions can only be made from the vantage point of knowledge. 
A survey (n=567) was carried out on the North York Moors, Dartmoor and the Quantock Hills 
to investigate the amount of knowledge on Lyme disease held by those people using the moors 
and potentially at risk from infected ticks. The results from all three moorland areas were 
similar with the major fact emerging that a very high proportion of respondents did not have 
much knowledge of the factors which could help them to avoid the risk of the disease (see 
Chapter 4). Seventy six per cent had not heard of Lyme disease and eighty five per cent did 
not know how they might become infected. Very few people ever carry out any preventive 
measures against tick bites, not even checking for ticks on their clothes or their person after 
leaving moorland areas. A programme of public education is therefore desirable in order that 
moorland users might be aware of the risk to themselves and their families. There will also be 
many organisations and private landlords of areas opened to the public who will need to assess 
their legal and moral obligations in these and similar circumstances. 
Raising public awareness of an issue, such as Lyme disease, associated with open countryside is 
controversial. It can be argued that publicity concerning the risk would be alarmist, since the 
totality of risk is not known and in the U.K. at the present time it seems to be small. On the 
other band the general public should surely not be kept in ignorance of a risk where preventive 
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measures could be applied which reduce that risk considerably. Media presentation, particularly 
television, is probably the most prominent method of disseminating information. Informative 
leaflets on the disease and the risk could be made available at Information Centres within 
affected areas; the main drawback to this approach is that large numbers of people do not pick 
up or read this type of literature. Warning notices can be posted on site, and are probably more 
likely to be effective, particularly if pictorial representati~n is used. (It is particularly gratifying 
that, on the basis of the risks exposed in the course of this work, Somerset County Council have 
produced an information leaflet and are actively involved in research to deal with the problems 
of Lyme disease management on the land owned or managed by them). 
However, there will always be a number of people who will ignore warning leaflets, warning 
signs. or warnings on the media, and will effectively say 'It couldn't happen to me'! This poses 
the moral dilemma to managers of areas infested with infected ticks to which the public have 
access over the care they feel they should offer the public. It also poses a question to managers 
of moorland areas where ticks have not historically been apparent. lt can be argued that the 
general public using open moorland areas for leisure activities, particularly areas such as 
National Parks, are entitled to know if there are risks of infection from any source in a 
particular area. If this argument is accepted management could be obliged to carry out 
sampling measures to check for the presence of ticks, to collect samples of ticks if present, and 
to secure testing facilities for the presence of infective organisms, such as the Lyme disease 
spirochaete, in those ticks. The implications for ownership (also stewardship) and access to U.K. 
moorland areas arc substantial. Information or warnings are already posted in a few areas (such 
as the New Forest) in the U.K. (and tend to be the norm in State and National parks in the U.S.), 
and allow the general public to assess and manage the risk for themselves. 
7.2 Ticks on moorland vegetation communities. 
Other options available to reduce the risk of Lyme disease on U.K. moorlands have been 
discussed in Chapters 2 and 3. Options which are directed towards controlling tick populations, 
either by increasing tick mortality, or by reducing tick reproduction, or by reducing tick 
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movement onto a specific area can all be criticised. They may be environmentally damaging. 
politically unacceptable, expensive, experimental or impractical in the U.K. moorland situation. 
That is not to say that in extreme circumstances a combination of these measures may not need 
to be put into place as tick controls, but in this case a more environmentally sensitive and 
practical approach was sought. 
This project was designed to investigate the use of vegetation management in moorland areas as 
a means of tick control. As a first step it was decided to examine the relationships (if any) 
between tick densities and three different vegetation communities on U.K. moorlands; these 
were heather dominated, Vaccinium dominated and bracken dominated communities. If large 
numbers of ticks were found on one particular community compared with numbers on the 
other two, then this positive relationship could produce a specific vegetation target for 
management intervention in tick control programmes in moorland areas. This comparative 
study on moorland vegetation communities as optimal tick habitats has generated new data on 
tick densities (Section 5.8.2). The results from the Quantock Hills in Somerset are particularly 
interesting since no data on sheep ticks in this region has previously been available (Section 
5.8.2). 
The requisite knowledge to be able to target one particular vegetation community m a 
programme of tick control on moorland areas. as a reduction measure of the Lyme disease risk 
factor, is attractive. However. results of this section of the study were not sufficiently conclusive 
to identify heather. bracken or Vaccinium dominated communities as a particular community 
which habitually harboured more ticks than another. Fewer immature ticks were found on 
heather dominated sites than on either of the other communities in either bio-geographic region 
Chapter 5). It seems probable that the most reasonable interpretation of this data is that host 
animals are not frequenting heather sites when tick numbers arc highest in spring and summer. 
The qualification must be made here that further investigation into immature tick numbers on 
heather sites is necessary to corroborate the results presented here. It is possible that blanket 
dragging as a tick sampling method is not as efficient for immature ticks on heather as on other 
vegetation communities, but there is no actual evidence to suggest this. 
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Tick densities on bracken and Vaccinium sites were high (see Chapter 5). Results on bracken 
sites were affected by the fact that tick sampling was interrupted in high summer as the bracken 
on some sites grew too tall to blanket drag. Actual tick densities on bracken sites could 
therefore be different in the later part of the growth cycle than the earlier, although anecdotal 
evidence suggests that tall bracken is perhaps the most likely place of all to acquire nymph or 
adult ticks. Tick sampling methods, other than blanket dragging, are reviewed in Section 5.7. r 
but it is difficult to see what change in technique could be made which could incorporate the 
requirement to sample very tall bracken, and also to cover large-area experimental sites in 
moorland areas. A comprehensive sampling programme was constructed and introduced (see 
Section 5.5), and is recommended as a practical and consistent method to employ in a large 
scale study in open moorland situations. 
Although the results on bracken sites agreed with results obtained by other researchers (see 
Section 5.3.1), the exceptional tick numbers on the Vaccinium sites were unexpected. This 
could be explained by the attraction of Vaccinium as grazing by a number of vertebrates. It 
would likely be preferred to heather as winter feed particularly as the shoots still exhibit some 
photosynthetic activity in winter and early spring. Attention should be drawn to the high tick 
densities on Vaccinium since this is the pioneer and indeed preferred species in many well 
drained moorland areas for regeneration after bracken control. Ignorance of high tick densities 
on Vaccinium could lead to unexpected increases in tick numbers if large areas of brdcken were 
removed and Vaccinium regenerated, either naturally or deliberately, on the sites. This could be 
especially important if farm stock are to be part of the management regime as these animals 
would provide tick hosts, and would also require attention to avoid tick infestation. Walkers on 
these Vaccinium sites could face additional risks from increased numbers of tick.'>, if these arc 
infected with B. burgdorferi, particularly in summer when Vaccinium berries attract a number 
of pickers. 
Another important result from this section of the research was the retrieval of questing ticks and 
also active infected ticks (particularly nymphal ticks) from a number of bracken and Vaccinium 
sites on the Quantocks through the winter months (see Tables 5.10 and 6.3). Most authorities 
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suggest that the risk of infection (of Lyme disease) from tick bite is only present during the 
summer months. This research shows very clearly that the risk is all year round. 
7.3 Effects of bracken control treatments on the frond and rhizome systems. 
Intervention measures in management were put into operation on a number of sites on three 
commons on the Quantock Hills, originally covered by bracken dominated vegetation. Sites 
sprayed with asulam, sites regularly cut and one site which had suffered an accidental bum were 
investigated regularly from 1992 - 1995. Control sites on each of the three commons were 
compared with managed sites to assess the results of the various treatments. 
In view of the persistence of the bracken rhizome in response to both spraying and cutting 
treatments, and the strong possibility of rhizome (and therefore total bracken plant) 
regeneration at some stage without further treatment, it is not possible to recommend either 
spraying or cutting bracken as a means of bracken eradication in the short term. 
If treatment of bracken is to be used as a tool to reduce tick numbers in areas where human risk 
of infection with Lyme disease is identified, then the impact of the treatment on the bracken 
itself must be predictable. On the sites investigated in this project, short term success in 
controlling bracken was evident on both the sprayed and the cut sites. Spraying bracken with 
asulam resulted in almost complete frond removal on a site, but in spite of bud reduction on the 
rhizomes there was little or no reduction in the dry weight of the rhizome itself. This might be a 
product of the vigour of the plant in the area, but does not bode well for long term control 
prognosis. Frond densities on cut sites were little affected but frond height and dry weight was 
reduced, rhizome buds were slightly reduced and rhizome dry weights much reduced. These 
probable outcomes must be considered, in conjunction with the initial reason for bracken 
control, the terrain, the ground cover vegetation, and the required aftercare, stocking and other. 
management, before treatment is carried out. Land managers wishing to remove bracken as a 
means of tick control (or indeed for any other reason) must be aware that a bracken control 
programme dependant on spraying with asulam .can be recommended only for short term 
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bracken frond removal, and that the rhizome system may not be reduced. Results from this 
study are similar to those of Pakeman and.Marrs (1991) and Lowday (1986). Cutting bracken 
will reduce the rhizome system, although frond density will not be affected. The reduction in 
frond height and dry weight will however have some effect on ground cover plants, and the 
results of this study suggest that reduction in tick numbers on a particular site will occur. 
Cutting must be carried out regularly if reduction of the bracken crop is to continue. 
Results of asulam spraying and cutting on bracken in this survey have corroborated previous 
research on bracken dominated vegetation in other parts of the U.K. This study has suggested 
further investigation into a number of the results generated. The apparent increase in frond 
densities across spray boundaries (see Section 6.5.1.1) needs explanation. There are 
implications for future chemical control of bracken on heather/bracken boundaries, since edge 
effects on bracken encroaching into heather stands could exacerbate rather than contain 
bracken encroachment. Managers should also be aware that there may be an edge effect in pure 
bracken stands which could require aftercare. If further research into boundary effects supports 
the results presented here, then the action of asulam within the bracken system should be further 
investigated. 
The wide range of frond heights on bracken sites on the Quantocks (see Section 6.5.1 and 
Figure 6.7) appears to differ from other bracken dominated areas such as the North York 
l'vloors (Holloway 1994), and suggests that a different pattern of bracken growth may be evident 
in the warmer South West of the U.K. This may have implications for the effective 
implementation of bracken control programmes in warmer regions of the country, since low 
growing fronds could be shielded from chemical application by a taller canopy thus leaving a 
focus for natural bracken regeneration which may need aftercare. 
Finally, the rhizome results from both spray and cut sites on the Quantocks covering several 
years leave a question mark over the long term effect of bracken control measures on both bud 
numbers and dry weights of the bracken rhizome. This study suggests there is a considerable 
time lag from the time of application of the control measures, both spraying and cutting, in 
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reduction in the number of live buds (see Table 6.5). Continued cutting of bracken on these 
sites has reduced the rhizome dry weight in comparison with control results, and Ibis reduction 
in rhizome matter could have led to a reduction in bud numbers. A rolling monitoring and 
intervention programme is required to attempt to establish whether bracken rhizome systems 
will continue to reduce after regular frond cutting. 
It is unclear why herbicide application on these sites initially appeared to increase·bud numbers 
in the rhizome (see Table 6.6) and then reduce bud numbers for some years after application. 
Continuing monitoring of bracken rhizome reaction for a longer period after spraying with 
asulam could give more information on rhizome reaction and possibly the timing of aftercare 
programmes. 
A year round programme of inspection (monthly) noting rhizome bud numbers could offer 
new information on bud differentiation and frond emergence on bracken in different regions 
of the country, with a possible impact on methods of control. 
7.4 Effect of bracken control on tick densities. 
As a consequence of the high levels of tick densities on the bracken sites, and of the expertise 
available in bracken control. further tick data collections were carried out on the sites on the 
three commons on the Quantock Hills where intervention measures in management had been 
put into operation. Sites sprayed with asulam, sites regularly cut and one site which had suffered 
an accidental bum were investigated through the spring and summer months of 1993 and 1994. 
Control sites on each of the three commons were compared with treatment sites to assess the 
results of the various treatments as a means of tick control (sec Chapter 6). 
A proportional reduction of tick numbers (all life stages) on the sprayed sites in comparison 
with the control sites in each year suggests that the removal of bracken by spraying with asulam 
could well reduce tick numbers over a period of time. Whilst results were not statistically 
significant (probably due to the short period (two summers) after spraying during which tick 
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collections could be made) the trends were clearly discernable and this preliminary finding 
should be subject to more vigorous investigation. 
Tick numbers on the cut sites also renected a proportional drop compared with the control sites 
which again was not statistically significant. Further surveillance of tick densities for several 
more years is needed to establish the consistency and d~ration of bracken control measures on 
tick populations. 
No particular trend was discernable on the burnt site over this period. If burning is to be a 
potential treatment for tick control (as has been suggested elsewhere) then controlled bums 
each year over a time period would need to be evaluated against control sites, again another 
avenue for future research. 
Results of spraying and cutting bracken sites as a means of tick control were inconclusive over 
the two years included in this study. The change in vegetation as a result of spraying bracken 
with asulam was not immediate on the herbicide application. The reduction in bracken litter for 
instance did not (and was not expected to) take place in the first winter after spraying, nor was a 
stable vegetation cover in place even two years after the herbicide application. The reduction in 
tick numbers was promising, and although not statistically significant was sufficient to suggest 
that the monitoring of these sites for a further period of time might well lead to a trend 
becoming apparent. 
It is unfortunate that this study had to be curtailed after only two years worth of data had been 
collected, and therefore that no long standing trends in tick numbers had emerged. In view of 
the wide coverage of moorland areas by the bracken fern, and the potential risk of Lyme 
disease infection should the U.S. experience recur on U.K. moorlands, it would seem expedient 
to continue this investigation into tick numbers on bracken dominated moorland in order to 
achieve a reliable result over a range of sites in the U.K. At this point in time removal of 
bracken as a means of tick control cannot be recommended with certainty, but initial responses 
are certainly encouraging and must be evaluated further. 
168 
Bracken control is costly, approximately £110/ba for tractor mounted sprayers and £135/ha for 
aerial (helicopter) spraying at 1995 prices. Currently grant aid is available through the Farm 
and Conservation Grant Scheme (1989) at the rate of 25% for schemes in non-Less Favoured 
Areas, rising to 30% in Less Favoured Areas. Grant is allowed for both mechanical and 
chemical control, and includes simple follow-up spot treatment .with herbicides. Grant may also 
be available under the Environmemntally Sensitive Area Scbemes, The Moorland Scheme, or 
from other organisations such as English Nature. Even with the inclusion of grant aid the final 
cost to the owner/manager can be substantial and some financial return from the investment 
would be expected. 
The FCGS (1989) requires 'a lasting improvement in the grazing value of the land', however 
management agreements currently being put in place are requiring a reduction in stocking rate 
on many moorland areas. (Overgrazing and also winter feeding on specific sites on moorlands 
have damaged vegetation, particularly heather communities.) With the declining profitability of 
many bill farming enterprises environmental management agreements offer a much needed 
boost to incomes, but need to incorporate the opportunity for increased shepherding which 
would help to achieve the improvement in vegetation cover. 
If bracken control becomes necessary to achieve reduction in tick densities some increase in 
grant aid may well become necessary, both to achieve the initial bracken control (which may 
well appear to be a purely altruistic gesture on the part of the landowner/manager towards the 
general public seeking access to moorland areas), and also to achieve the after care necessary on 
sites of bracken control. Possibly a two tier system could be introduced with a higher level of 
grant paid for bracken control on sites where increased public access is allowed. Control could 
then be directed towards 'honey-pot' areas, and would hopefully reduce the visitors to other 
important conservation areas. 
It is a well known fact that the majority of visitors to our moors have not in fact ventured any 
great distance from a road ot track edge onto the open moor. For the general public then, 
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indulging in leisure activities on open moorland, the risk of being bitten by a tick infected with 
Lyme disease is likely to be greatest in the near vicinity of car parks, or other parking spaces. 
For the moorland manager this could provide the opportunity to control the risk (of Lymc 
disease) by controlling the vegetation and keeping it short in 'play' areas immediately adjacent 
to car parks. If used together with warning notices dealing with ticks and Lyme disease, tall 
bracken could be used as directional guides to the general public. 
The most positive recommendation arising from this study which could be put into effect at 
once is that of a programme of public education on Lyme disease. This would allow the general 
public to have access to information on which they might base their own risk assessment, and on 
which they might manage their own risk. Other techniques based on tick controls assessed here 
arc encouraging, and require further reseach, but at the present time cannot be recommended 
with certainty. 
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APPENDIX I 
LYME DISEASE QUESTIONNAIRE D 
Have you heard of Lyme disease? 
Do you know what the symptoms are? 
Do you know how you might become Infected? 
Yes 
No 
Yes 
No 
B 
B 
Please specify ....................................... _ ............................................................... ~ .. •• 
Do you, or have you ever worked in the countryside ? 
(eg. as a farmer/gamekeeper etc.) 
Do you, or have you worked with animals? 
Yes 
No 
Do you keep family pets? Yes 
No 
Do you know what an unfed tick looks like? Yes 
No 
B 
B 
B 
Do you take part in country sporting activities (eg. Hunting, 
Shooting etc.) or spend any leisure time (eg. Walking/Picnicing) 
In the countryside ? 
If YES, what kind of outdoor activities do you take part In ? 
Yes B No 
If so , please state which animals 
If so, what do you keep ? 
Hav. you em round tiek• on yo::ts? n 
No D 
Yes B No 
How frequently? 
PTO 
ave you ever found ticks on your skin or clothes after being out In tbe country ? Yes 
No 
ave you ever been bitten by a tick ? Yes 
e. have you had a tick embedded in your skin) 
No 
How many times ? I - 5 
6- 10 
I J -20 
Have you experienced any of the foUowing symptoms 
tfter a tick bite ? 
Do you ever do any of the following to prevent tick bites ? 
Always 
Wear long trousers in summer 
Wear long sleeves in summer 
Tuck trousers into socks 
Use Insect repeUant 
Cbeck yourself for ticks 
Please add any comments you feel might be relevant 
20+ 
Circular rasb 
Fever 
Tiredness 
joint pains 
Persistent beadacbe 
Neuralgia 
Unexplained Illness 
Usually Sometimes 
B 
B 
Never 
APPENDIX 2 
Table Average ticks I dra!! bv momh on the Quantock Hjlls 
Bracken sites 1991 
No. of sites No.of drags Larvae Nymphs Adults 
May 4 50 4.68 3.08 0.02 
June 4 80 3.75 1.16 0.13 
July 5 70 1.91 2:50 0.07 
Aug lO 2.20 0.30 0 
Sept lO 5.50 0.10 0 
Bracken sites 1992 
No. of si tes No.of drags Lanrae Nymphs Adults 
April 5 so 2.38 5.04 0.36 
May 5 so 11.16 5.12 0.20 
June 5 so 16.72 1.86 0.12 
July lO 35.50 1.40 0.10 
Table A ,-eraQe ticks I dra!! bv month on the Quantock Hills 
Vaccinium sites 1991 
No. of sites No.of drags Larvae Nymphs A dul ts 
May 20 2.95 14.55 0.40 
June l 20 8.20 9.35 0.50 
Jul\' 3 60 3.40 2.00 0.12 
Aug 3 60 31.45 0.52 0 
Sept 3 30 17.60 0. 10 0 .10 
O::t 3 30 10.67 0.30 0.30 
Vaccinium sites 1992 
No. of sites No.of drags Larvae Nymphs Adults 
May 3 30 3.43 5.60 0.30 
June 3 30 15.00 4 .67 0.20 
July 3 30 23.17 3 .23 0.37 
Aug 3 30 9.63 1.03 0.10 
Sept 3 30 4.63 0.40 0.10 
O::t 3 30 7.40 0.63 0. 10 
May 
June 
July 
Aug 
Sept 
O::t 
April 
May 
June 
July 
Aug 
Sept 
Table A vera2e ticks I drag by month on the Quantod: Hills 
Heather sites 1991 
No. of sites No.of drags Lan'ae Nymphs 
:w 0 0.45 
20 0 0.20 
3 60 0.45 0.57 
3 60 1.73 0 .10 
3 30 0. 10 0.03 
3 30 0 0 
Heather sites 1-992 
No. of sites No.of drags Larvae Nymphs 
3 30 0 0.47 
3 30 0 0.47 
3 30 2.27 0.47 
3 30 0.97 0.37 
3 30 0.10 0.03 
3 30 0.03 0 
Adults 
0.20 
0.10 
0.25 
0.08 
0.10 
0.10 
Adults 
0.23 
0.13 
0 
0.03 
0 
0.03 
Table Average ticks I drag bv month on the North York Moors 
Heather si tcs 1991 
No. of sites No.of drags Larvae Nymphs Adults 
July 3 30 0.40 0.40 0.05 
Aug 3 20 0.20 0.15 0.35 
Sept 3 40 0.03 0.30 0.25 
C:Xt 3 20 0.20 0.05 0 
Heather sites 1992 
No. of sites No.of drags Larvae Nymphs Adults 
April 3 20 0 0.25 0 
May 3 30 0 0.63 0.06 
June 3 30 0 0.66 0.03 
July 3 30 0 0.53 0.03 
Aug 3 30 2.80 0.86 0.03 
Sept 3 20 0.20 0.40 0.06 
Table Average ticks I drag by month on the North York Moors 
8 rack en si tcs 1991 
No. of sites No.of drags Lan·ae Nymphs Adults 
July 3 30 0 0.30 0 
Aug 3 20 39.20 {).90 0.10 
Sept 3 4D 20.30 1.25 0.15 
CXt 3 20 5.90 1.80 0 
Bracken sites 1992 
No. of sites No. of drags Lan·ae Nymphs Adults 
April 3 30 0 4. 10 0.10 
May 3 30 2.80 7.80 0.10 
June 3 30 0 1.00 0 
July 3 30 0 2.10 0.20 
Aug 3 30 18.90 2.30 0.10 
Sept 3 30 3.40 4.20 0.30 
Table Average ticks I drag by month on the North York Moors 
Vaccinium sites 1991 
No. of sites No.of drags Larvae Nymphs Adults 
July 3 30 13.70 4.55 0.45 
Aug 3 20 12.55 2.20 0.20 
Sept 3 40 13.50 3.55 0.25 
CX:t 3 20 0.15 0.10 0.05 
Vaccinium sites 199:2 
No. of sites No.of drags Larvae Nymphs Adults 
April 3 30 0 1.13 0.06 
May 3 30 0.53 2.30 0.23 
June 3 30 0 2.90 0.20 
Jul y 3 30 0 1.20 0.30 
Aug 3 30 19.80 3.30 0.13 
Sept 3 30 3.00 2.90 0.03 
APPENDIX 3 
Table Average ticks I drag by month on intervention sites (bracken) on the Quantocks 
Control sites 1993 
No. of sites No. of drags Larvae Nymphs AdulL"i 
Feb 3 30 0 0.87 0.07 
Mar (n.a.) 
April 3 30 3.20 10.80 0.73 
May 3 30 3.60 n.a. n.a. 
June 3 30 9.73 5.33 0.33 
July 3 30 0 0 0 
Control sites 1994 
No. of sites No. of drags Lan'ae Nymphs Adults 
Mar 3 30 0 1.40 0 
April 3 30 0.30 6.07 0. 17 
May 3 30 1.40 1.87 0.13 
June 3 30 4.40 2.30 0.10 
July 3 30 2.10 0. 17 0.07 
Aug 3 30 1.97 0 0.03 
Sept 3 30 1.10 0.20 0. 13 
Table Average ticks I drag by month on intervention sites (bracken) on the Quantocks 
Spray si tes 1993 
No. of sites No. of drags Larvae Nymphs Adults 
Feb 3 30 0 1.30 0.07 
Mar (n.a.) 
April 3 30 2.55 7.50 0.57 
May 3 30 0.30 n.a. n.a. 
June 3 30 5.40 6.90 0.37 
July 3 30 l.07 1.57 0.03 
Aug 3 30 3.20 1.33 0.03 
Sept 3 30 0.87 0.13 0.10 
Spray sites 1994 
No. of si tes No. of drags Lanrae Nymphs Adults 
Mar 3 30 0 0.17 0 
April 3 30 0.13 1.37 0.10 
May 3 30 0.03 0.50 0 
June 3 30 0. 13 0.87 0 
July 3 30 2.80 0.50 0.07 
Aug 3 30 0.97 0. 13 0.03 
Sept 3 30 0.03 0.10 0.03 
Table Average ticks I drag by month on intervention sites (bracken) on the Ouantock:s 
Cut sites 1993 
No. of sites No. of drags Lan1ae Nymphs Adults 
Feb 3 30 0 1.30 0 
Mar (n.a.) 
-
April 3 30 0.03 7.50 0.17 
May 3 30 0 n.a. n.a. 
June 3 30 0.03 0.17 0 
July 3 30 0.20 0.37 0 
Aug 3 30 0.03 0.13 0 
Sept 3 30 0 0.17 0 
Cut sites 1994 
No. of sites No. of drags Larvae Nymphs Adults 
Mar 3 30 0 0.03 0 
April 3 30 0 0.17 0.03 
May 3 30 1.07 0.27 0 
June 3 30 0.10 0.40 0 
July 3 30 0 0.07 0 
Aug 3 30 0.20 0.03 0.03 
Sept 3 30 0 0 0 
Table Average ticks I drag by month on intervention sites (bracken) on the Ouantocks 
Burnt sites 1993 
No. of sites No. of drags Larvae Nymphs Adults 
Feb 1 10 0 0.90 0 
Mar (n.a.) 
April 1 10 0 2.60 0.:20 
May 10 2.10 n.a. n.a. 
June 10 0 5.00 0.10 
Burnt si tes 1994 
No. of sites No. of drags Larvae Nymphs Adults 
Mar 10 0 0.90 0.10 
Apri l 10 0 1.80 0.:20 
May 10 0.50 0.80 0 
June 10 0.20 0.60 0 
Jul y 10 0 0.30 0 
Table Mean tick numbers I drag (and standard errors) for intervention 
sites on the Quantocks. 
Sites 
Spray sites 
Control sites 
Cut sites 
Spray sites 
Control sites 
Cut si tes 
1993 
1994 
Larvae 
Mean S.E. 
· 1.76 0.41 
:?..84 1.95 
0.05 0.02 
0.68 0.64 
1.62 0.89 
0.19 0.14 
Nymphs 
Mean S.E. 
2.71 2.38 
4.13 3.73 
0.25 0.03 
0.53 0.32 
1.75 1.17 
0.14 0.02 
Adults 
Mean S.E. 
0.18 0.06 
0.21 0.11 
0.02 0.0:?. 
0.04 0.02 
0.08 0.02 
0.01 0.003 
APPENDIX 4 
Table Mean frond density values on intervention and control sites, Quantocks 1992-199-l 
July 1992 July 1993 July 1994 
Mean S.E. Mean S.E. Mean S.E. 
Lydeanl spray 14.8 ±1.99 12.0 ±8.46 
Lydeardcut 44.0 ±6.91 
Lyd. control 22.1 ±1.88 50.8 ±6.23 
Cothel. spray 19.0 ±0.97 2.4 ±0.89 2.4 ±0.89 
Coth. cut 1 33.6 ±6.70 39.2 ±7.82 
Coth. cut 2 56.0 ± 10.09 16.4 ±3. 13 
Coth. burnt 20.4 ±1.93 20.8 ±2.91 25.2 ±2.24 
Coth. control 17.8 ±2.87 36.4 ±3.13 30.0 ±3.17 
Aisholt spray 32.3 ±2.78 5.2 ±2.67 2.4 ±1.36 
Aish. control 32.3 ±2.78 69.2 ±4.51 54.8 ±9. 17 
Table Mean frond heights (ems) on intervention and control sites, Quantocks 1992-1994. 
July 1992 July 1993 July 19~ 
Lydeard spray 65.6 ±2.20 28.6 ±2.10 
Lydeardcut 33.04 ±1.16 
Lyd. control 64.9 ±2.33 63 .23 ±2.46 
Cothel. spray 114.7 ±1.19 49.0 ±4.88 63.2 ±2.46 
Coth. cut I 40.07 ±1.72 
Coth. cut 2 43.57 ±1.60 
Cotb. burnt 119.7 ±1.91 139.7 ±2.91 127.9 ±3.93 
Coth. control 97.3 ±5.20 161.1 ±2.82 95.81 ±4.37 
Aisholt spray 90.5 ±2.55 18.15 ±2.46 29.17 ±7.14 
Aisb. control 90.5 ±2.55 101.5 ±3.98 84.63 ±3.45 
Table 
Lydeard spray 
Lydeardcut 
Lyd. control 
CotheL spray 
Coth. cut 1 
Coth. cut 2 
Coth. burnt 
Coth. control 
Mean frond dried weights (gms)on intervention and control sites, 
Quantocks 1993- 1994 
1993 1994 
5.1 ±3 .50 
17.53 ±3.3 1 
74.96 ± 13.02 
3.42 ±1.44 4.1 ± 1.81 
34.14 ±7.73 
52.82 ±12.69 
149.8 ±24.43 141.7 ±15.95 
291.1 ±25.81 120.5 ±18.67 
Aisbolt spray 1.12 ±0.86 2.1 ±1.20 
Aisb. control 245.8 ±51.38 132.3 ±29.44 
T a ble tvfean numbers of Jive buds per pit from rhizomes on intervention a nd control 
s ites, Q uantocks 1992- 1995 
July 1992 April 1993 March 1994 May 1995 
Lydeard spray 2.80 ±0.58 3.40 ±0.83 0.60 ±0.3-J 0.00 ±0.00 
Lydeardeu1 3.00 ±0.92 0.60 ±0.27 2.60 ±0.65 
Lyd. control 6.20 ±2.29 7.10 ±3.72 1.30 ±0.30 27.10 ±6.68 
Cothel .spray 5.20 ±1.74 10.0 ±1.90 0.60 ±0.22 0.30 ±0.30 
Coth. cut 1 3.30 ± 1.28 3.30 ±0.60 6.70 ± 1.67 
Coth. cut 2 6.80 ±1.26 2.70 ±0.82 3.20 ±0.90 
Coth.control 9.40 ±4.16 12.00 ±2.33 2.30 ±0.42 23.50 ±4.9 1 
Coth.bumt 4.00 ± 1.30 6.10 ±0 .7 1 4 .00 ±0.78 
Aisholt spray 3.80 ± 1.02 7.90 ±2.57 0.60 ±0.22 0.00 ±0.00 
Aish.control 3.80 ±1.02 9.00 ±3. 19 4.70 ± 1.47 27.80 ±7.47 
Table Mean dry weights per pit of rhizomes from intervention and cont rol sites, 
Quantocks 1992- 1995 
July 1992 April 1993 March 1994 May 1995 
Lydeard spray 64.81 ±14.65 65.83 ±8.67 66.80 ±6.34 36.83 ±5.64 
Lydeardcut 29.90 ±7.45 13.04 ±535 15.59 ±2.09 
Lyd. control 24.70 ±8.95 26.36 ±9.09 51.71 ± 10.71 53.71 ±10. 16 
Cothel.spray 78.65 ±15.12 75.13 ±9.48 58.12 ±9.43 72.37 ±13.41 
Coth. cut 1 28.79 ±7.91 43.03 ±6.49 26.42 ±3.69 
Coth. cut 2 63.04 ±11.95 35.49 ±6. 19 29.91 ±6.04 
Coth.control 81.04 ±23. 18 68.37 ±9.68 72.09 ± 11.27 100.19 ±1 1.38 
Coth.burnt 119.49 ± 18.35 83.80 ±16.03 69.03 ±1 1.57 
Aisholt spray 48.62 ±10.82 28.87 ±5.50 22.59 ±3.76 18.20 ±2.97 
Aish.control 48.62 ± 10.82 35.06 ± 11.28 39.55 ±11.67 52.14 ± 11.85 

